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PART SIXTH. 



Containing the easiest and most curious Problems ^ as welt ai 
the jnost interesting truths, in astronomy and Geography^ 
both Mathematical and Phi/sical. 

Of all thé parts of the nOathematics, none are better daU 
culated to excite curiosity than astronomy in its different 
branches. Nothing indeed can be a stronger proof of the 
power and dignity of thé human mind, than its having been 
able to raise itself to snch abstract knowledge as to discover 
the Causes of the phenomena exhibited by the revolution 
of the heavenly bodies ; the real construction of the uni* 
verse ; the respective distances of the bodies which com<A 
pose it, &c. At all times therefore this study has been 
considered^ as one of the sublimest efforts of genius, and 
Ovid hinaselfj though a poet, never expresses his thought!^ 
on this subject but with a sort of enthusiasm. Thus, whenr 
speaking of the erect posture of man^ be says ; 
VOL. m. B* 
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CoDCtaqoe cam tpeetoit mnimalMi cetera temm^ 
Os bomini tablime dedit, cclamque tueri 
Jossit, et ereetos in siderm tollere Tolti». 

MeimmgrfiLlSb. I. 

In another place, speaking of astronomers, be says: 

Fdfces anime ! qaibns h»c cognoacere primis 

loque domoc «operas scandere cora Init. 
Credibile est illas pariter vitiisque, jocisqae, 

Altias humanis ezemisse capoL 
Non Ten OS aat TÎnimi sublimia pectora fir^t, 

OfficiamTe fori, militivre labor; 
Nee levis ambittOy peifasaqoe gloria foco, 

Magoaramye fiunes foUicitavit opum. 
AdmoTere ocalis distantia sidera nostris, 

JEtberaqoe iogenio sapposuere soo. 

If astronomy at that period excited admiration, what 
ought it not to do at present, when the knowledge of this 
science is far more extensive and certain than that of the 
ancients ; who as we may say were acquainted only with 
the rudiments of it ! How great would have been the en- 
thusiasm of the poet, how sublime his expressions, had he 
foreseen only a part of the discoveries which the sagacity 
of the modems has enabled them to make with the assist- 
ance of the telescope ! — The moons which surround Jupiter 
and Saturn ; the singular ring that accompanies the latter; 
the rotation of the sun and planets around their axes ; the 
various motions of the earth: its immense distance from 
the sun; the still more incredible distance of the fixed 
stars ; the regular course of the comets ; the discovery of 
oew planets and comets; and in the last place, the ar- 
ningement of all the celestial bodies, and their laws of 
motioni now as fully demonstrated as the truths of geo- 
metry. With much more reason would we have called 
those who have ascended to these astronomical truths^ 
fnd who have placed them beyond all doubt, priyil^ed 
beings, and of an order superior to human natoire. 
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CHAPTER I. 
Èlemeniary Problems of Astroiwmy and Géographie 

PROBLEM I. 

To find the Meridian Line of any Place. 

THE détermination of the meridian linei is certainly the 
basis of every operation, both in astronomy and geography ; 
for which reason we shall make it the first problem relating 
to this subjects— ^There are several methods of determining 
this line, which we shall here describe* 

I. On any horizontal plane, fixed obliquely, and in a 
firm manner, a spike or sharp pointed piece of iron, with 
the point uppermost, as ab, pi. 1 fig. 1. Then provide a 
double square, that is, two squares joined together so as to 
form an angle, and b}^ its means find, on the horizontal 
plaqe, the point c, corresponding in a perpendicular direc* 
tioD with the summit of the style. From this point describe 
several concentric circles, and mark, in the forenoon, 
^wiiere the summit of the shadow touches tbem^ Do Ûm 
same thing in the afternoon ; and the two points o and b 
being thus determined in the same circle, divide into two 
equal parts the arc intercepted between them. If a straight 
Uiie be then drawn through the centre, and this point of 
bisection, it will be the meridian line required. 

By taking two points in one of the other circles^ and 
repeating tbe same operation ; if the two lines coincide, il 
will be « proof, or at least afford a strong presumptioa^ 
that the operation hafi b.een accurately performed : if they 
do not coincide, some error must h^ve arisen ; and tbere^ 
fpre it will be necesgary to recommence the opearatigq with 
aaore care« 

• Two obs^vationsy the least distant from noon, ought in 
general to be preferred ; both because the sun b then more 
brilliant and the shadow better defined, and because the 
cbapge ia the sun's declination is less ; for this operation 

b3 
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supposes that the sun neither recedes from nor approaches^ 
to the equator, at least in a sensible manner, during the 
interval between the two observations. 

In short, provided these two observations have been 
made between 9 o'clock in the morning and 3 in the after- 
noon, even if the sun be near the equator, thé meridian 
found by this method will be sufficiently exact', in the lati- 
tude of froni 4*5 to 60 degrees ; for we have found that, irt 
the latitude of Paris, and making the most unfavourable ^ 
suppositions, the quantity which such a meridian may err, 
will not be above 20'\ If it be required with perfect ex- 
actness, nothing is necessary but to make choide of a time 
when the sun is either in one of the tropics, particularly 
that of Cancer, or very near it, so that in the interval be- 
tween the two operatiotià his declinatioii may not have 
^^nsibly changed. 

We are well aware that^ for the nice* pufpo^s of as* 
tronomy, something more ptecise 5vill be net^essa^y; but 
the object of this work is merely to give the simplest and 
most curious operations in this sciefice. The following 
however is a second method of finding the meridian by 
means of the pole star. 

II. .To determine the meridian line in this manner,, it 
will be necessary to^ wait till the pole star, which we here 
suppose to be known, has reached the meridian. But thisi 
will be the case when that star and the first in the tail of 
the Great Bear, or the one nearest the square of that con-> 
stellation, are together in the same line perpendicular to 
the horizon ; for about the year 1700 these two stars pass- 
ed over the meridian exactly at the same time ; so that 
when the star in the Great Bear was below the pole, the 
polar star was above it ; but though this is not precisely 
the case at present, these stars, as we shall here show, may 
be still employed for several' years, and without any sen- 
sible error. 

Having suspended a plumb line in a motionless state^ 
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wait till die pole star, and 'that in the Great Bear above 
described, are together concealed by the thread ; and at 
that moment suspend a second plumb line, in such a man- 
ner that it shall hide the former and the two stars. These 
two threads will then comprehend between them a plane 
which will be that of the meridian ; and if the two points 
on the ground, corresponding to the extremities of the two 
plumb lines, be joined by a straight line, you will have the 
direction of the meridian. 

The hour at which the pole-star, or any other star, 
passes the meridian on any given day, may be easily found 
by a calculation, for which precepts are given in the Nau- 
tical Almanac, in White's Ephemeris, and most books on 
practical Astronomy ; but, to save trouble, we shall here 
present the reader with a table containing the precise time 
at which the pole-star passes the meridian, both above and 
below .the pole^ on the first day of every month. 



Mootlis^ 


Above 
■ Uie pole. 


Below 
the pole. 


January 


. 6h 6m Ev. . 


. 6h 


8m Mo] 


February . 


. 3 55 


. . 3 


57 


March . . 


.26 


. . 2 


8 


April • . 


. 12 


. . 


14 


May . . 


. 10 14Mor. 


. . 10 


12 Ev. 


June " • • 


. 8 11 


. . 8 


9 


July . , 


.67 


. . 6 


5 


August . . 


.42 


. . 4 





September . 


.27 


. . 2 


5 


October 


, 19 


. . 


17 


November • 


. 10 27 Ev. 


. . 10 


29 Mor, 


December , 


. O jut! . • 


. 8 


26 



This table indeed is calculated only for the year 1802 ; 
but the pole-star changes its place so little, that the dif- 
ference cannot amount to more than 3 or 4 minutes in h^lf 
a century. 

Attention however must be paid to the day of the 
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Bioi^tfh ; for^ frooi tbé beginning of any month: to the end' 
there is a difference of nearly two hours. The daily an- 
ticipation being 3» 56* per day*, 3"» 56^ must be niulti- 
plied by the number of .days of the month which have: 
elapsed, and the product must be subtracted from the time* 
of the starts passing the meridian on the first of the month, 
as given in the table: the remainder will be the time of its^ 
passage on the proposed day. 

Thus, if it were required to trace out a meridian by 
the pole-star on the 15th of March, multiply S™ 56^ by 14, 
which will give 55^ '^ and if 55^ be subtracted from 2^ 8% 
the remainder l^^ 13"» will be the hour in the morning when 
the pole star passes the meridian, below the pole, on the 
J .5th of March. ' 

On account of the great length of the days in some 
months, such as June, July, and part of August, neither 
of these passages is visible ; as they take place in the day, 
or during the twilight. This inconvenience however may 
be remedied in the following manner. Find the hour at 
which the pole-star will pass the meridian above the pole 
on the proposed day, and then examine whether, by count- 
ing 6 hours more, that hour will fall in the night-time: 
should this be the case, wait for that moment, and then 
proceed according to the rules above given. By these 
means you will obtain the position of the azimuth circle 
passing through the zenith and the pole-star, when it has 
attained to its greatest distance towards the west ; for if.it 
passes the meridian at a certain hour, it is evident that 6 
hours after it will be at its greatest distance from it. But 

* If the earth had oaly a diurnal, without an annual motion» any giren 
meridian would revolve from the sun to the sun again in the same time as 
from any star to the same star again ; because the sun would never change 
his place in regard to the stars. But as the earth advances almost a degree 
eastward in its orbit, in the time that it turns eastward round its axis, what- 
ever star passes over the meridian on any day with the sun, will pass over 
the same meridian on the next day when the sun is almost a degree short of ^ 
it i that is 3 minutes 56 seconds sooner. 
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it will' be found by calculation that the angle which this 
azimuth forms with the meridian for the latitude of Lon- 
don, 51^ 31', is 3* 1 r ; therefore if a line be drawn in such 
at manner as to form with the line found, an angle of 3* 
II' towards the east, you will have a true meridian line* 

If the 6 hours counted after the star's passage of the 
meridian above the pole, do not fall in the night, nothing 
is necessary but to count 6 hours less : the hour thus found 
will certainly be one of those of the night, and will show 
the time when the pole-star will be at its greatest distance 
£rom the meridian towards the east ; in this case the angle 
of 3** 11' must be laid off towards the west. 

It wiU perhaps be found troublesome to make an angle 
of 3* 11' ; but it may be done in the following manner. In 
the line from which you are desirous of laying offan angle 
of 3* 11% assume any point a, pi. 1 fig. 2 ; and from that 
point, towards the north, take the length of 1000 lines, 
or 6 feet 11 iii. 4 Hn. from the point b, where this length 
terminates, raise a perpendicular towards the west, if the 
proposed angle is intended to be laid off on that side, 
or towards the east if intended to be laid off on the other. 
On this perpendicular set off 55i lines ; and let this length 
terminate at the point c : if ac be then drawn, it will form 
with AB the required angle of 3* ll' ; and this angle will 
be much more exact than if any other method had been 
employed. ^ 

Remark.-*-As several physical methods of finding a 
meridian line are given in the preceding editions of this 
work, it is necessary that we should here mention them ; 
were it only that the reader may be able to appreciate how 
far they are likely to answer the purpose. 

To find the meridian without a confpass or magnetic 
needle, some have proposed the following method, which 
would answer, they say, in the bowels of the earth. Take 
a common small sewing needle exceedingly well polished, 
and lay it gently on the surface of some water in a state 
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of perfect rest in aoy vessel : this needle» they- tell as, will 
place itself in the direction of the meridian. 

This experiment, in some respects, is true : if the needle 
is long and delicate, it will remain at the surface of the 
water, where it will form for itself a small cavity; the air 
which adheres to it will preserve it for some time from 
coming into contact with the water; and if this should 
not be the case, the same effect might be produced by 
greasing it with a little tallow : it will then" easily maintain 
itself on the water, and will move till it approaches the di- 
rection of the iperidian/ This we have often confirmed 
by experiment. 

But it is false that the direction it assumes is the exact 
meridian of the place, for it is only the magnetic meridian, 
because every long slender piece of iron, when delicately 
suspended, is a magnetic needle. The magnetic meridian 
howeyer is only the direction of the current of the ms^netic 
fluid ; and this direction^ as is well knouno, forms in almost 
every part pf the earth an angle of greater or less extent, 
with the astronomical or true meridian. At London, for 
example,atpresent(18l3),itis24° ]6'4-. Besides, unless the 
north and south points were known, it would be impossible 
in this manner to distinguish them from each other. 

Kircher propose^ a niethod by which he says, th^t the 
south and the north may be easily known. If tbe trunk of 
a very straight tree, growing in the middle of a plane, at a 
distance from any eminence or other shelter, that could de- 
fend it from the wind or the sun, be cut horizontally , several . 
curved lines closer on the one side than the other, will be 
observed on the section. The side where the curved lines 
are closest will be the north ; because the cold coming from 
that quarter contracts, while the. heat coming frojn the 
other dilates the juices, and other matter of which the strata. 
of the tree are formed. 

There is some truth and reason in the principle on which 
this method is founded ; but, besides that all trees do not 
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exhibit tins phenomenion, it is not true that the north 
wind is every where the coldest: it is often, according to 
the position of the place, the nortb-west or the north*east: 
in this case, one of these points would be mistaken for the 
north. 

PROBLEM n. 

To find the Latitude of any place. 

The latitude of any place on the earth, is its distance 
from the equator; and is measured by an arc of the 
celestial meridian, intercepted between the zenith of the 
place and the equator ; for this arc is similar to that com- 
prehended on the earth between the place and the terres- 
trial equator. This is equal to the elevation of the pole, 
which is the arc of the meridian intercepted between the 
pole and the horizon. To those therefore who live under 
the equator, the poles are in the horizon ; and if there were 
inhabitants at either pole, the equator would be in their 
horizon.-— The latitude of any place on the earth may be 
easily found by various methods. 

1st. By the meridian altitude of the sun on any given 
day. For if the sun's declination for that day, when the 
sun is in any of «the northern signs, and the given place in 
the northern hemisphere, be subtracted from the altitu'^le, 
the remainder will be the elevation of the equator, the 
complement of which is the elevation of the pole, or the 
latitude. If tiie sun be in any of the southern signs, it 
may be readily seen that, to find the elevation of the 
equator, the declination must be added. 

2d. If the meridian altitude of one of the circumpolar 
stars, which do not set, be taken twice in the course of 
the same night, namely once when directly above the pole, 
and again when exactly below it ; and if from each of these 
altitudes the refraction be subtracted ; the mean between 
these two altitudes will be that of the pole, or the latitude. 
Or, take any two altitudes of such a star at the interval of 
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l\^ 58"* of tinde, correcting theqi by subtracting the ré- 
fractons as before ; then the mean between them will bd 
the height of the pole, or the latitude of the place. 

Sd*. Lx>ok^ in some catalogue of the fixed stars, for the 
distance of any star from the equator, that is, its declina- 
tion ; then take its meridian altitude, and by adding or 
subtracting the declination, you will have the elevation of 
the equator, the complement of which, as before said, is 
the latitude. 

PROBLEM III. 

To find the Longitude of any place on the earth. 

The longitude of any place, or the 'second element of 
its geographical position, is the distance of its meridian 
from a certain meridian, which by common consent is con- 
sidered as the first» This first meridian is commonly sup- 
posed to be that passing through the island of Ferro, the 
most eastern of the Canaries. But the meridian of the 
observatory of Paris is for the most part used by the 
French, and that of the Royal Observatory of Greenwich 
by the English. 

Formerly the longitude was reckoned, from west to 
east, throughout the whole circumference of the equator ; 
but at present it is almost the general practice to reckon 
both ways from the first meridiam, or the meridian ac- 
counted as such ; that is to say east and west, so that the 
longitude according to this method can never exceed 180 
degrees : and in the tables it is marked whether it be east 
or west. We shall now proceed to show in what manner 
the longitude is determined. 

If two terrestrial meridians, distant from each other 
15% for example, be supposed to be continued to the 
heavens; it is evident that they will intercept, in the 
equator ^nd all its parallels, arcs of the same number of 
degrees. It may be readily seen also that the sun will 
arrive first at the more eastern meridian, and that he will 
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AéB hâve to pass over 15^ in the equator, or the parallel 
whieb he describes that day during bis diurnal rotation, 
before be arrives at the more western meridian. But to 
pBsS'Over IS** the sun requires one hour, since be employs 
24p hours to pass over SG(f; hence it follows, that when it 
» noon at the more eastern place, it will be only 1 1 o'clock 
in the morning at the more western. If the distance of 
the meridians of the two places be greater or less, the 
difference of the hours will be greater or less, in the pro- 
portion of one hour for IS""; and consequently of 4 minutes 
for a degree, 4 seconds for a minute, and so on. 

Thus it is seen, that to determine the longitude of a 
place, nothing is necessary but to know what hour it is 
there, when it is a certain hour in another place situated 
under the first meridian, or the distance of which from 
the first meridian is known ; for if this difference of time 
be changed into degrees and parts of a degree, allowing 
15* for one hour of time, one degree for 4 minutes, and so 
on, then the longitude of the proposed place will be 
obtained. 

To find this difference of hours, the usual method is to 
employ the observation of some celestial phenomenon, 
that happens exactly at the same moment to every place 
on the earth, such for example as eclipses of the moon. 
Two observers stationed at two places, the difference of 
the longitude of which is required, observe, by means of a 
well regulated clock, the moments when the shadow suc- 
cessively reaches several remarkable spots on the moon's 
disk ; they then compare their observations, and by the 
difference of the time which they reckoned when the 
shadow reached the same spot, they determine, as above 
explained, the difference of the longitude of the two 
places. 

Let us suppose, by way of example, that an observer at 
London found, by observation, that the shadow reached 
the spot called Tycho. at lb 45m 50s in the morning ; 
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and that another stationed at a place A made a similar ob-^ 
servation at 24m 30s after midnight : the difference of thii 
time is Ih aim 20s, which reduced to degrees and minutes 
of the equator, gives 20"* 20'. This is the differepce of 
longitude ; and as it was later at London when the pheno- 
menon was observed, than at the place A^it thence follows 
that the place A is situated 20^ 20' farther west than 
London. 

As eclipses of the moon are very rare, and as it is dif- 
ficult to observe with precision when the shadow comes 
into contact with the moon^s disk, so as to determine the 
commencement of the eclipse, and also the exact period 
when the shadow reaches any particular spot, the modern 
astronomers make use of the immersions,' that is the 
eclipses, of Jupiter's satellites, and particularly those of 
the first, which, as it moves yery fast, experiences frequent 
eclipses that end in a few seconds. The case is the same 
with the emersion or return of light fo the satellite, which 
takes place almost instantaneously. For the sake of illus- 
tration we shall suppose that an observer, stationed at the 
place A, observes an immersion of the first satellite to have 
happened on a certain day at 4h 55m, in the morning; 
and another stationed at a place b at 3h 25m. The differ- 
ence being ih 30m, it gives 22* 30' for the difference of 
longitude. We may therefore conclude that the place a 
is farther to the east than b, since the inhabitants at the 
former reckoned an hour more at the time of the pheno- 
menon. 

Remark. — ^These' observations of the satellites, which 
since the discovery of those of Jupiter, have been often 
repeated in every part of the globe, have in some measure 
made an entire reformation in geography ; for the position 
in longitude of almost all places was determined merely 
by itinerary distances very incorrectly measured ; so that 
in general the longitudes were counted much greater than 
ttiey really were. Towards the end of the seventeenth 



THB LOKGItUD£« 13 

century there were more than 25* to be cut off from the 
eiLtent in longitude assigned to the old continent from the 
western ocean to the eastern coast of Asia. 

This method, so evident and demonstrative, was how- 
ever criticised by the celebrated Isaac Vossius, who pre* 
ferred the itinerary results of travellers, or the estimated 
distances of navigators ; but by this he only proved that^ 
though he possessed a great deal of erudition badly di- 
gested, he bad a weak judgment, and was totally unac* 
quainted with the elements of astronomy. 

A knowledge of the latitude and longitude of the differ- 
ent places of the earth, is of so much importance to astro- 
nomers, geographers^ &c, that we think it our duty to give 
a table of those of the principal places of the earth. This 
table, which is very extensive, contains the position of the 
most Considerable townâ both in England and in France, as 
well as of the greater part of the capitals and remarkable 
places in every quarter of the globe ; the whole founded 
on the latest astronomical observations, and the best com- 
binations of distances and positions* 

The reader must observe, that the longitude is reckoned 
from the meridian of London, both east and west. When 
east it is denoted by the letter £, and when west by the 
letter w. In regard to the latitude it is distinguished', in 
the same manner, by the letters v and s, which denote 
north and south. ^ 
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A TABLE 

CONTAINING THE LONGITUDES AND LATITUDES OF THE 
CHIEF TOWNS AND MOST REMARKABLE PLACES OF THE 
EARTH. 



Names of placet 


Coautriefl, 


Latitude^ or 
el. of the pole. 


Longitude, or 
dif. of meridStf 


Abbeville 


France 


. Ô0» 7'N 


!• 55'b 


Aberdeen 


Scotland 


. 57 6n 


1 44W 


Abo 


Finland 


. 60 27N 


22 15 E 


Acapulco 


• America 


» 17 30 N 


106 23 W 


Acben 


Sumatra 


5 22N 


95 40 b' 


Adrianople 


Turkey 


. 41 40 N 


26 31 £ 


Agra 


• India 


• 26 43 N 


76 49 B 


Aleppo 


. Syria 


. 35 45 N 


37 25 B 


Alxandretta 


Syria 


. 36 35 N 


36 20B 


Alexandria < 


Egypt 


. 31 11 N 


30 17 B 


Algiers 


Algiers 


, 36 49N 


2 18 £ 


Alicant < 


I Spain 


38 34 N 


7 W 


Altona 


Germany 


53 38 N 


9 55 B 


Altorf 


Germany 


. 49 17N 


11 11 B 


Amiens 


France 


49 53 N 


2 23 B 


Amboyna I. 


India 

* 


4 25 N 


127 25 B 


Amsterdam 


Holland 


. 52 23 N 


4 52B 


Anabona !• , 


, Ethiopia 


2 36 s 


5 35 B 


Ancona 


Italy 


43 38 N 


13 31 £ 


Andrews St 


Scotland 


56 18 N 


2 37 W 


Angers . 


France • 


47 23 N 


31 W 


Angouleme 


France 


45 39 N 


14B 


Anapolis Royal • 


Nova Scotia • 


44 52 N 


64 OW 


Antego I. 


Caribbee • 


16 57 N 


62 4 W 


Antibes 


France , 


43 35 N 


7 14B 


Antiochetta 


Syria 


36 8 N 


36 17 B 


Antwerp 


Flanders • 


51 13 N 


4 24B 


Archangel 


Russia • 


64 34 N 


38 59 B 


Arcot « 


India 


12 51 N 


79 33 E 


Aries • 


France 


43 40N 


4 43B 


Arras • 


France • 


50 18 N 


2 50E 


Ascension I. 


Brazil 


7 à6s 


14 16 W 



AHD LOUCmilIBS. 



IS 



^^^«•^^k««M 


■**- - « 


Lat. «ret 


Loiu«r«r. 


Ji^HCS Ol plBBCl 


u vwames- 


of thepi4«. 


oTawrids. 


JUBiSCBB 


Sberîm 


. 46* 2i'n 


4S* 8'S 


Athw 


Tmrkcy 


• 38 3 N 


23 saB 


A«cb 


Frmnce 


. 43 39N 


4om 


AngutiiieSt. 


FfcHidm 


30 ION 


81 29W 


A^B*wç 


Germany 


48 24 N 


10 26 s 


AligMM 


Ffanoe 


43 57N 


4 M m 


AVEHMam 


France 


48 41 N 


I I8W 


AwOhc 


• France 


. 44 55 N 


2 3ax 


Ancme 


France 


. 47 43 N 


3 39m 


Awatcbft 


• Kamtschatka 


53 1 11 


158 30 S 


Aatph 




. 47 ION 


40 55 B 


B>8d«d 


Mesopotamia 


33 20N 


44 26 b 


BdMonaL 


America 


96 45 N 


78 35 W 


Bddivim 


Chill 


. 39 38 3 


73 20 W 


Bde 


Swisaerland , 


45 55 N 


7 40X 


B«ii^l»loie 


India 


13 ON 


77 42 X 


Bv^Bay 


Ireland 


51 45 N 


10 46 W 


Bttcdoim 


Spain 


41 26 N 


2 18 B 


Bamr» 


Arabia 


29 45 N 


47 40B 


BftteTta 


Jaya I. 


6 12 s 


106 45 B 


Bayeax 


France 


49 16 N 


38W 


Bayoone 


France 


43 SON 


1 30 W 


BeochyHead . 


England < 


50 44N 


25 B 


Bdlast 


Ireland 


54 43 N 


5 52 W 


BeiiGopleQ 


Sumatra I. • 


3 49 S 


102 5 B 


Bdgffde 


Turkey 


45 3 N 


21 27 B 


Bender 


Turkey 


46 50 N 


29 41 B 


Bei^ 


India • 


22 ON 


92 45 B 


Bei]g;en « 


Norway , 


. 60 10 N 


6 14B 


Berlin 


.Germany < 


. 52 33 N 


13 26 B 


Bennpdm • 


Bahama I. < 


. 32 35 N 


63 23 W 


Berne • 


Swisserland 


. 46 58 N 


7 31 B 


Berwick 


England 


55 45 N 


1 50 W 


Besançon • 


France 


. 47 13 ^ 


6 8 B 


Benerea • 


FraAce 


> 43 20N 


3 18B 


Bilbof 


Spaifi 


43 2dN 


3 18 W 


BUMS 


France 


47 35. N 


1 24B 



/ 
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Names of places. 


Countries* 


Lat. or el. 
of th^ pole. 


Lon. or d\tà 
of merids. 


Bologna . 


Italy 


44<>29'n 


n«26'È 


Bolkereskoy 


Kamtschatka 


52 54N 


156 25 E 


Bombay 


» India 4 


18 07 N 


72 43 E 


Borneo 


» Borneo I. • 


5 ON 


112 15 E 


Boston , 


, England 


53 ION 


25 B 


Boston 


America é 


42 25 N 


70 32 W 


Botany Bay < 


N.Holland . 


34 6 S 


151 20 E 


Boulogne 


France • 


50 44 N 


1 40E, 


Bourdeanx < 


» France « 


44 50 N 


30 W 


Boorg-en-Bresse 


France 


40 12 N 


5 I9E 


Bourges 


i France 4 


47 4 N 


2 28B 


Bretnen < 


, Germany 4 


53 30 N 


9 OB 


Breslaw < 


» Silesia « 


51 3 N 


17 13 B 


Brest i 


i France 4 


48 23 N 


4 26 W 


Bridge Town 4 


Barbadoes I. • 


13 5 N 


59 36 W 


Bristol 


f England 


51 27 N 


tf 35 W 


Bruges 4 


, Flanders 


51 11 N 


3 12 E 


Brussels < 


1 Flanders • 


50 51 N 


4 27B 


Buchan-ness 


( Scotland 


57 29 N 


1 23 W 


Bucharest 


é Wallachia 4 


44 27 N 


26 13 B 


Buda 


Turkey 


47 28 N 


19 51 B 


Buenos Ayres 


> Brasil 


34 35 S 


58 26 W 


Cadiz 


Spain 


36 31 N 


6 7W 


Caen * 


ft France • 


49 11 N 


17 w 


Caffa 


Crimea 


44 45 N 


35 55 B 


Cagliari « 


» Sardinia I. « 


39 25 N 


9 38B 


Cairo 1 


, Egypt 


30 2 N 


31 26 b 


Calais 


France • 


50 57 N 


I 56 b 


Calcutta 


i India 


22 35 N 


88 34 B 


Calicut . 


» India 


11 15 N 


75 39» 


Callao 


Peru 


12 2 S 


70 53 W 


Camboida « 


i India 


10 35 N 


104 45 B 


Cam bray 


• France * 


50 ION 


3 J9B 


Cambridge 


» England • 


52 ISN 


9B 


Canaria !• 4 


Canaries , 


28 1 N 


15 OW 


Candia 


Ceylon • 


7 54N 


81 53 E 


Canterbury 


EnglaÀd 


51 17 K 


1. 22 K 
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Nmies of placet. 


Countries. 


Lât. or d. 
of the pole. 


Loo. or dtf. 
of merîds* 


Cape Comorin • 


India • 


7*55^N 


7** 7'b 


Cape Finisterre • 


Spain 


42 52*N 


9 12 w 


Cape Franç<H8 • 


St. Domingo I. 


19 ^7 ff 


71 22 w 


Cape Town 


Caffraria 


33 55 s 


18 23 B 


C^pe Kamtschatka Russia 


51 3 N 


100 12 B 


Cape Ortegal • 


Bay of Biscay . 


43 47 N 


7 34W 


Cape St Lucas • 


California • 


23 28 N 


109 20 W 


CapeVerd 


Negroland • 


14 45 N 


17 28 W 


Caracas 


South America 


10 6 N 


66 45 W 


Carcassone 


France 


43 12N 


2 25 B 


Carlescrona 


Sweden 


56 30N 


IS 31 B 


Carlisle 


England 


54 47 N 


2 35 W 


Carthagena 


Spain 


37 37 N 


1 3 W 


Carthagejia 


South America 


10 27 N 


75 22 W 


Casan 


Russia 


55 45 N 


48 40B 


Csssd 


Germany 


51 19 N 


9 21 B 


Castres 


Franoe 


43 57 N 


2 20B 


Cayannébourg • 


Finland 


64 13 N 


41 9 B 


Cayenne L 


South America . 


4 56n 


52 low 


Cay St. Louis . 


St. Domingo I. . 


18 19 K 


73 1 w 


Cq>halonia I. • 


Turkey 


38 20 K 


20 11 B 


Cette 


France 


43 20 N 


21 W 


CenU 


Barbary 


35 49 N 


5 25 W 


Cezene 


Italy 


44 8N 


12 17 B 


Chalons-sur-Mame France 


48 57 N 


23b 


Chalons-aur-Saôoe 


France 


46 47 N 


4 56 b 


Chanderpagor 


Bengal 


22 51 N 


38 34 B 


Chariestown • 


Carolina • 


33 22 N 


79 50 W 


Chartres 


France 


48 26 N 


1 34 b 


CheHbourg 


France 


49 28 N 


1 33 W 


Chester 


England 


53 ION 


2 25 w 


Christiana 


Norway 


59 25 N 


10 30 B 


Chrittianstadt 


Sweden 


6Î 47 N 


22 50B 


Cirita Vecchia 


Italy 


42 5 N 


11 51 B 


Cltgenfurth . . 


Carinthia 


47 20 N 


14 57 B 


Clermont-Ferrand France 


45 46n 


3 lOB 


Cochin 


India . 


9 50N 


76 5 B 


VOL. III. 
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Nantes of places 


r. {Countries. 


Lat. or eL 
af the pole. 


Lon. or dif. 
of merids. 


Colchester 


England « 


5è*00'K 


0*^58' & 


Collioiire 


France , 


42 31 N 


3 10 IS 


Cologne 


Germany 


50 55 N 


7.10E 


Compiegne 


» France 


> 49 25 N 


2 55 B 


Conception la 


Chili 


86 43 ft 


73 13 W 


Congo R. 


• Cong^o , 


5 45 S 


11 53 ft 


Constance 


Swiss^rland 


, 47 42 N 


8 58 fi 


Constantinople 


Turkey 


41 00 N 


28 53 B 


Copenhagen 


» Denmark < 


. 55 41 N 


12 40B 


Cordova 


Spain M 


37 42 N 


3 47 W 


Corfu 


Turkey 


. 39 50 N 


19 48 B 


Corinth 


Turkey 


. 37 30 N • 


23 OOE 


Corke , 


» Ireland 


51 54 N 


8 30 W 


Corsica Î ^- P^^ 
Is» pai 


:}"^' { : 


42 53 N 


9 40B 


41 22 N 


9 ^6^ 


Coutance 4 


France < 


f 49 3 N 


1 22 W 


Cowes 


Isle of Wight . 


50 46 N 


1 15 W 


Cracow * 


Poland 


» 50 10 N 


19 55 B 


Cremsmunster 


Germany 


« 48 3 K 


14 8 S 


Cruz St. I. 


i Antilles , 


. 17 53 iN 


64 55 W. 


Cuddalore 


, India 


» 11 41 N 


79 51B 


Curassoa 


West Indies , 


» 11 56 N 


68 20 W 


Cusco 


k Peru 


. 12 25 S 


73 35 W 


Dabnl 


1 India 


18 24 N 


73 33 E 


Danzic 


Poland 4 


. 54 22 K 


18 39 B 


Dartmouth « 


England 


► 50 27 N 


3 36 w 


Deseada L « 


Caribbees 


. Iff 36 N 


61 low 


'Dieppe • 


France 


. 4Q 55 N 


9B 


Dijon 


France 


. 47 19 N 


3 7B 


Dillingen • 


Germany 


. 48 30 N 


10 19 b 


Dol 


France 


. 48 33 N 


1 41 W 


Dole 


France 


. 45 5 N 


5 34B 


Domingo St. • 


Antilles 


18 25 N 


69 30 W 


Dordrecht * 


Netherlands 


. 52 00 N 


4 26b 


Dover « 


England 


• ^1 7N 


1 24 B 


Dresden • 


Saxony 


• 51 6 N 


13 31 B 


Drontheim • 


Norway 


. 63 26n 


11 BM 
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Names of placet. Countries. 

• 


Dûblio 


li'eland 


DUabar 


Scotland 


Dundee » 


Scotland 


Dilngeness 


England 


Dunkirk 


France 


Durazzo 


Turkey 


Edinburgh 


Scotland 


£lbal. 


Italy 


Elbing 


Poland 


Ebiùbiirg 


Sweden 


Ebinore 


Denmark 


Embden « 


Germany 


Encbdysen 


Holland 


Ephesiis 


w Natolia 


Erfarth 


b Germany 


Eriyan 


Armenia 


Erscmiik 


Armenia 


Enstatia 


Caribbee 


Faenza 


Italy 


Falmouth 


. England 


Fèrnàmbouc « 


Brasil 


Ferrara 


Italy 


Ferrol. . 


Canaries 


Pinisterre C. , 


France 


Fladstrand 


Denmark 


Florence 


Italy 


Flushing 


Holland 



Forbisher's Straits Greenland 
Formosa I. •f^f'PlChina 

Fmnkfort on the-» ^.^^^^^ 

Mayn ^ 

Ffankfort on thelg^^^ 

Oder ^ ^ 

Frederickstadt 






Gallipoli 



Norway 

France 

Turkey 



Lat. or el. 
of the pole. 

53«>2rN 


LoD. or dif* 
of merids. 

6*10'W 


55 58 N 


2 22 W 


56 26n 


2 48 W 


50 bb N 


1 S E 


51 2 N 

41 58 N 


2 27 E 
25 00 B 


bb 58 N 


3 7 W 


42 52 N 


10 38 E 


54 13N 
56 OON 
56 00 N 


20 35 E 
13 35 B 
13 23 B 


53- 5 N 


7 26e 


52 43 N 
38 00 N 
51 6 N 


5 6^ 
27 53 E 
10 20 E 


40 30N 


44 25B 


39 57 N 
17 30 N 


48 41 E 
63 4W 


44 17 N 


11 bb E 


50 8 N 


4 58 W 


8 13 S 


35 5 W 


4i 50 N 


11 40E 


27 48 N 
42 52 N 


17 40 W 
9 12 W 


b1 27 N 
43 46 N 


10 37 E 

11 7 B 


51 33 N 


3 20 W 


62 5 N 


47 18 W 


21 25 N 


121 25 E 


22 OON 


120 40 B 



50 6n 8 40b 



52 26 N 14 38 B 



59 OON 


Jl 10 E 


43 26 N 


6 50E 


40 36n 


27 2 B 


C2 
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AftTBONOMT AHD GEOGRAFHT. 



Kaunes of places. Coantries. 


LaL or el. 
of the pole. 


Lou. or dif* 
of mends. 


Gambia R. 


Negroland 


IS^^CX/N 


I4®5tfw 


Geneva 


Swisserland 


. 46 12N 


6 5m 


Genoa 


Italy 


44 35N 


8 41 E 


Ghent 


Netherlands 


51 4 N 


3 47 K 


Gibraltar 


Spain 


36 5 N 


5 17W 


Glasgow 


Scotland 


. 55 52 N 


4 low 


Gloucester 


England 


51 50N 


2 l6w 


Gluckstadt 


Holstein 


53 48 N 


9 31 E 


Goa 


India 


15 31 N 


73 50E 


Gombroon 


Persia 


27 40 N 


55 206 


Good Hope Ca 


pe Africa 


. 34 29s 


18 28 E 


Gottenburg 


Sweden . 


57 42 N 


n 44e 


Grottingen 


Germany 


51 32 N 


9 58B 


Granville 


France 


48 50N 


1 32 W 


Gratz 


Styria 


47 4 N 


15 29E 


Greenwich 


England 


, 51 29 N 


5E 


Grenoble 


France 


• 45 11 N 


5 d9W 


Grypsw^ld 


Pomerania 


. 54 4 N 


13 43 B 


Guadaloupe L 


Caribbee 


16 OON 


61 55 W 


Guiaqnil 


Peru 


2 10 S 


81 5 W 


Guernsey 1. , 


England 


4g 30 N 


2 47ir 


Hague 


Holland 


. 52 4 N 


4 22 b 


Halifax 


Nova Scotia 


.44 46n 


63 20 W 


Halle 


Saxony 


. 51 34 ^ 


11 46 b 


Hamburgh • 


Germany 


. 53 3l> N 


9 55 E 


Harlem 


Holland 


59 24 N 


4 lOE 


Harwich 


England 


. 52 11 N 


1 18B 


Hastings 


England 


50 52 N 


46b 


Havanuah 


Cuba I. 


23 12 K 


82 13 W 


Havre de Graa 


Î France 


49 30N 


11 B 


Helena St. I. . 


Africa 


15 55 s 


5 44 W 


Holy Head . 


Wales 


53 23 N 


4 40W 


Horn Cape • 


South America . 


55 5gà 


67 21 W 


Hall 


England 


53 50 N 


28 W 


Hydrabad 


India 


17 12 N 


78 56 b 


Jacoutsk 


Russ. Tartary 


. 62 20 N 


129 46 b 


Jafnapatao C. 


Ceylon I. 


9 47N 


80 55B 



LATITUDES AND LONGITUDES. 
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Kamci of plaoei» Cwntriet. 

Jago St. Cape Yerd I. 

Jamaica ^ g ;^^ J West Indies 



Jasse^ 

Java Head 
Jeddo 
Jena 
Jersej I. 
Jerusalem 



Ingolstadt 

Librae 

Invemeas 

Jsamrn I. 

Joppa 

Ipawicb 

bmail 

Ispriiaa 



Moldavia 

Java I. * 

Japan * 

Germany 

England 

Palestine 

Russ. Tartary 

Gemiany 

Tjnrol 

Scotland 

Zanguebar 

Syria 

England 

Torkey 

Persia 



Juan Fernandez L Chili 
Judda . Arabia 

Iviea L . Spain 

Kamtschatka lower Russia 
Kamtschatka upper Russia 



Kilda St. I, 

Kinsale 

Kongkitao Cape 

Konigsberg -.. 

Lancaster 

Landatt 

Lands End 

Landscrona 

Langres 

Lautanne 

Leeds 

Leghorn 

Leipsic 

Leestoff 



Scotland 

Ireland 

Corea 

Prussia 

England 

France 

England 

Sweden 

France 

Swisserland 

England 

Italy 

Germany 

England 



Lit. or el. 
of Che pole. 

15« fs 

18 45 N 

18 OON 

47 9 N 

6 4gs 

36 OON 

51 2N 
49 7N 

31 55 N 
58 27 N 

48 46n 
47 18 N 
57 33 N 
12 5 S 

32 45N 

52 14 N 

45 21 N 
.32 25 N 

33 45 S 
21 29 N 
38 54 N 

56 II N 
54 48 N 

57 44 N 
51 41 N 

37 30 N 
54 42 N 

54 42 N 

49 11 N 

50 6 N 

55 52 N 
47 50 N 

46 31 N 

53 48 N 
43 33 N 

51 19 N 

52 38 N 



Lon.«rdit 
of mcridt. 

23<>30'W 

78 OOW 

76 40 w 

27 35 B 
105 6 £. 
139 40 B 

11 23 B 
2 26w 

35 25 B 
91 25B 

^r^B 

12 OOB 
4 2W 

45 45B 

86 OOB 

1 OOB 

28 55 B 
52 55 B 
78 37 W 

29 27B 
1 15B 

159 25 B 

162 10 B 

8 18 W 

8 23 W 

116 27 b 

21 23 B 

4 36w 
8 13 B 

5 20W 
12 55 B 

5 26 b 

6 50B 
1 33 W 

10 25 B 

12 25 B 

1 54 B 
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ASTRONQMV AND •0£0€^RAPH¥. 



NlinM8t>ft>laces; 


Countries. 


Lat. or el. 
of the pole. 


Lon. ordifk 

• • 

of mends. 


Lepanta 


» Turkey 


, 38°20'N 


22** 3'k 


Leydeo 


Holland 


52 JON 


4 33 £ 


Liverpool 


England 


. 53 ?2 N 


3 low 


Liege , 


» Germany 


. 50 36 N 


5 40B 


Lima « 


Peru 


12 1 S 


76 44 w 


Liineric 


Ireland 


» 52 22 N 


10 OQ W 


Lisbon 


> Portugal , 


, 38 42 N 


9 4^ 


Lizard 


r England 


49 57N 


5 IQW 


London , 


England ^ 


61 31 N 


9 


Loudoaderry 


Ireland ^ < 


, 55 1 N 


7 31 w 


Loretto 


Italy 


, 43 27 N 


13 38 E 


Loui^i;irg 


> Cape firiton 


. 45 54 N 


59 50 w 


Lo^yi^n 


• Netherlands 


. 50 50 N 


4 55 E 


Lubeç 


Germany . 


. 54 00 K 


11 40B 


Lucia St^ I. 4 


Caribbee 


> 13 25 N 


60 4eiw 


Lucca 


Italy 


. 43 50 N 


10 35 E 


Luadeo 


Sweden 


. 55 42 N 


13 26 k 


Luxembourg 


Netherlands . 


49 37 N 


6 17» 


Lynn 


England 


52 46 s 


30 £ 


Macao 


China 


22 12 N 


113 4ÔE 


Matasaar 


Celebes I. 


5 9S 


119 50 B 


Madras 


India 


. 13 5 N 


80 34 « 


Madrid 


Spain 


40 25 N 


03 21 W 


Mi^lura 


India 


9 54 N 


73^8 E 


Mahon Port , 


> Minorca 


39 51 N 


3 53 fi 


Majorca I, , 


Spain 


39 35 N 


2 35 E 


Malacca 


India 


2 12 N 


102 10 tt 


Ma^ta I. 


Italy 


. 35 54 N 


14 34 E 


Manchester 


England 


53 24 N 


2 20 W 


Manilla t 


K Luconia I. 


14 36 N 


120 58 E 


Mantua 


Italy 


, 45 2 N 


10 15. E 


Marseilles 


France 


43 18N 


5 27 E 


Martinico I. 


West Indies , 


14 36 N 


* 61 4w 


Mosulipatam , 


» India 


K 16 28 N 


8l 40 E 


Mauritii^^ L < 


1 Africa 


20 10 s 


57 a3E 


Meaco , 


Japan 


, 35 35 N 


133 20 E 


M^uj^ i 


i France 


. 48 58 N 


2 54 «1 



MTiTVABs ÀNo tomonvozti. 



«s 



m 

^êmm of placei. 


Countriet» 


Lat. or el. 
of the pole. 


Loo. or diC 
of meridfl. 


Meccil. 


, . Arabia 


21*40'N 


4l''00'B 

1 


MecUin 


Netherlands « 


51 9 N 


4 34B 


Medma 4 


y Arabia * 


24 58 N 


39 53 B 


Memd 


» Courland 


55 48 N 


22 23 B 


MciBJHB 4 


Sicily 


. 38 21 N 


16 21 B 


Meta? 


France 


. 49 7N 


7 i6b 


Mezioo « 


Mexico 


. 19 M N 


100 IW 


MU» 


Italy 


. .45 28 N 


9 15B 


Mocha 


> Arabia 


. 13 45 N 


44 4B 


Modena 


. .Italy 


. 44 34 K 


11 18 B 


Mootpelter 


France 


48 36 N 


3 57 b 


Montreal 


Canada « 


45 52N 


73 11 W 


Mosambiqae 


, Zangue « 


15 OQ S 


41 4OB 


Moscow 


» Russia 


55 45 N 


37 51 B 


Manich 


Germany 


48 10 N 


11 35B 


Monster 


Germany 


. 52 OON 


7 40B 


Namar « 


» Netherlands , 


. 50 25 N 


4 50B 


Nangasald 


Japan 


32 32 N 


128 50 B 


Nankin 


China 


► 32 7 N 


118 35 E 


Nantes 


, France 


, 47 13 N 


1 2919 


Naples 


Italy 


» 40 51 N 


14 19 £ 


Narbonne < 


France 


43 11 N 


3 5 E 


N^nra 


Livonia 


5g 23 N 


29 ^7 ^ 


Niize 


Norway « 


57 50 N 


7 32B 


Nc^patnam 


India • 


10 46 N 


80 2 B 


N^s I. 1 


Caribbee « 


17 11 N 


62 52 W 


Newcastle 


England 


55 3)7 


1 28 W 


Nice 


Italy 


43 42N 


7 22B 


Nienport 


Flanders 


51 8 N 


2 50E 


Nombre de Dios 


South Americi 


n 9 43N 


78 35 W 


Nootka Sound « 


America 


49 36 N 


126 36 W 


Noyon • 


France 


49 34 m 


1 44B 


Narembei^ • 


Germany « 


49 27 N 


11 12 B 


Oehozk • 


Tartary 


59 20 N 


143 18 W 


Oczakow 


Turkey 


45 12 N 


34 40 B 


Olinda 


Brazil ^ 


8 13 s 


33 OOW 


Olmutz 


Moravia 


49 43N 


17 37 E 



u 



AkTBONOKT ANS CZétMAVBt. 



!MaBies of places» 


Countries. 


Lat. or el. 
of the pole. 


Lon. or di£. 
OF inencb. 


Oneglia « 


Italy 


43^5/n 


/»m'b 


Oporto 


Portugal 


41 ION 


8 2ftW 


Oran 


Barbary . 


35 45 N 


00 


Orenbarg . , 


Astracan 


51 46n 


55 14 b 


Orkney isles 


Scotland 


C59 24 N 
^58 44 N 


3 sa W 

2 IIW 


Orleans Nevr 


Louinana 


. 30 OON 


89 34 w 


Orleans • 


France 


. 47 54 N 


1 59B 


Ormàs I. ^ « 


Persia 


. 27 30 N 


55 17 B 


Orotava 


Canaries 


. 28 23 N 


16 19 w 


Ostend 


Flanders 


, 51 14 N 


s GOB 


Ozaca • 


Japan 


. 35 10 N 


134 5 M 


Padna 


Italy 


. 45 22 N 


Il 59B 


PaHta 


Peru 


5 20 8 


80 35 W 


Palermo 


Sicily 


. 38 ION 


13 4aB 


Palikate 


India 


. 13 ^0 N 


8a 50B 


Pampeluna 


Spain 


• 42 44 N 


1 S5 W 


Panama 


Mexico 


8 46 N 


80 l§ W 


Panonna 


Turkey 


40 5 N 


21 40B 


Para 


South Americ 


a 1 30S 


47 5 W 


Pans 


France 


. 48 50N 


2 2^B 


Pavma 


Italy 


. 44 45 N 


10 OOB 


Paftsau 


Gennany 


. 48 30 N 


13 5 B 


Patmos I. 4 


» Natolia 


, 37 22 N 


26 48B 


Pavia 


Italy 


• 45 46n 


9 10^B 


Pegu' 


» I^dia 


• 17 OON 


96 58» 


Pekin 


China 


. 39 55 N 


116 29 B 


Perpigpian 


f^rance 


42 42 N 


2 59^1 


Petersbiirg 


• Russia 


, 59 56 N 


30 24B 


Philadelphia 


♦ Ameriea 


. 39 57N 


75 8' W 


Pico I. 


Azores 


38 29 N 


2^ 19 W 


Pisa 


Italy 


. 43 43 N 


10 17» 


Plymoutb 


Engrland 


50 22 N 


4 low 


Poodichorry 


India 


11 42 N 


79 58 B 


Port Mahon 


Minorca L 


. 39 51 N 


3 5S B 


Popto Bello 


New Spain 


9 33 N 


79 45 BT 


PoitQ Fraya 


C. Verde , 


14 54 N 


23 24W 



tamtvou Atin iottoi¥«it«.' 



ès 



— - # 

Nimcsofplfteei. 


Coantrief. 


Lat oreL 
of the pole. 


Loo.ordt& 
of mertdf • 


Poit Royal 


Jamaica • 


irsg/s 


76'4ôrw 


Port Royal 


Martinico 


14 36 s 


6] 4W 


Pdtt Royal 


Acadia 


45 2 N 


65 OOW 


Polt^iMiitii 


England 


50 46 N 


1 1 W 


Prigtta 


Bokemia 


50 4N 


14 50 B 


Prtwborg 


Hungary 


48 6 N 


17 33 B 


Quebec 


Canada • 


46 49N 


71 low 


Qittlea 


Zanguebar < 


9 308 


99 9» 


Qtfimper 


France 


47 58 N 


4 2W 


QuiiwBi 


Cochin Cbina 


12 52 N 


109 to S 


Quit» 


Peru 


13 S 


77 5a w 


Rag:iisa 


Dahnatia 


42 45 N 


20 OOb 


Rt^poof 


India 


17 19 N 


73 50 e 


Bami^te 


England « 


51 20 N 


1 22 B 


Ri^iaboii' 


Germany 


. 49 2N 


12 1 K 


Rafetma 


Italy 


44 26 N 


12 21 B 


Rèhnai 


France 


48 6 N 


1 37 w 


IRénoÉ^ 


• France 


. 49 14 N 


4 dB 


Rérel 


Livonia 


. 59 26n 


24 21 B 


Riga 


Livonia 


. 56 56 N 


23 44 B 


Rnbâi) 


Italy 


44 3 N 


4 8 B 


Rid Janeiro 


Brazil 


22 54 S 


42 40 W 


Rdfchella 


France , 


> 46 10 N 


1 5 W 


R<»ehe8ter 


England 


. 51 26 N 


O 30B 


RolTO 


Italy 


. 41 54 N 


12 34 b 


Rottook 


Germany 


. 54 10 N 


12 50 B 


Ratteidam 


Holland 


51 56 N 


4 33 E 


Rouan 


France 


49 2rN 


1 lOB 


Rye 


England 


» 51 3 N 


45B 


SaCa 


Barbary 


. 32 30N 


9 SOW 


Saia«pFloiir 


France 


. 45 2 N 


3 tlB 


Sai&uMalo 


France 


. 48 39 N 


1 57 w 


Saiot-Omer 


France 


. 50 44 N 


2 30 B 


Sakmo 


Italy 


40 39 N 


14 48 E 


Saiieif 


Barbary 


33 58 N 


6 20 W 


Sadomeha 


Turkey 


. 40 41 N 


23 13 B 


Sanagosaa 


• Spain 


. 41 40N 


oaigw 



8« 



ASTBONOMT AND OBOOKAPHTi 



Kaiiies of places. 


Coantrles. 


Lat. or el. 
of the poltf. 


l4>n. or di( 
ofmerids. 


Samderoon 


♦ Syria 


. '3e°35'N 


35^25» 


Schamaki 


4 Persia 


40 30N 


37 5 B 


Scilly Isle» 


England < 


. 50 QON 


6 45 W 


Selinginsk 


Rubs. Tartar] 


r 51 6 N 


106 42 B 


Senegal R. 


Negroland 


15 53 N 


]6<26w 


SenliB 


France 


. 49 13 N 


2 39B 


S^is i 


France 


. 48 UN 


3 22B 


Seringapatam « 


» India - < 


12 32 N 


76 52 B 


Seville ^ , 


> Spain 


37 21 N 


6 4W 


Sheernesft 


« England 


. 51 25N 


50B 


Siam 


India < 


14 18 N 


100 55 E 


Sienna 


Italy 


43 20 N 


11 26b 


Sierra Leone , 


Guinea 


8 30N 


12 7 w 


Shields 


England , 


55 2 N 


1 20W 


Shetland L 


Scotland , 


r«o 47 N 

I59 54 V 


low 






1 31 W 


Skalolt 


» Iceland < 


. 64 ION 


17 25 W 


Smyrna 


Natolia 


38 28 N 


27 25 B 


Socatora I. , 


t Africa 


. 12 15 N 


52 55 B 


Soissons 


> France 


49 21 N 


3 24B 


Southampton 


England , 


50 55 N 


1 OOW 


Spoletto 


Italy 


. 41 57 N 


'12 50 B 


Spurn 


England 


53 35 N 


30B 


Stert Point 


England • 


50 14 N 


3 39 W 


Stettin 


Pomerania 


53 36 N 


15 25B 


Stockholm 


Sweden 


59 22 N 


13 12 B 


Stockton 


England , 


54 33 N 


1 15 W 


Straelsund 


Grermany 


. 54 23 N 


14 10 B 


Stiaaburgh * 


France 


. 48 34 N 


7 51B 


Stromness 


Orkneys 


. 58 56 N 


3 26W 


S£uttgard 


Germany 


48 40 N 


9 7B 


Sukadana 


Borneo I. 


1 OOS 


U0 40B 


Sunderland 


England 


. 54 55 N 


1 OOW 


Surat 


India 


» 21 ION 


72 28 B 


Surinam « 


South Americ 


a 6 30N 


55 30 W 


Swansey • 


Wales 


51 40N 


4 25 W 


Syracuse < 


f Sicily i 


f 37 4 N 


16 81 K 



/ 



BATITOOBft AN» LONOITDDES» 



«1" 



• - • 

Manes of placet. 


Countries. 


Lat. or d. 
fif the pole. 


Lon.ordif, 
of laeriéi. 


Tangier 


Barbary 


. 85**55'N 


5**45'W 


Tarent» 


Italy 


• 40 43 N 


1/ 31 ■ 


Tauria 


Persia 


« 38 5 N 


46 iSB 


T^is 


Georgia 


. 42 5^ N 


46 25 B 


Tellidieij 


, India . 


. 11 42 N 


75 30 E 


Temeawar 


m Hungary 


. 44 42 N 


22 00 B 


Tenen£FPeak 


• Canariea 


. S8 13 N 


16 24 W 


Telaan 


Barbary 


• 35 27 N 


4 50 W 


Tinmoutli 


• England 


. 55 3 N 


1 17 w 


Theaaalonica 


, Greece 


48 36 N 


23 13 E 


TohagoL 


> Caribbee 


U 15N 


63 27 w 


ToMski 


Siberia 


. 59 12 N 


68 20 E 


TolcHia 


Spain 


. 30 50N 


2 15 W 


ToDquinr 


India 


• 20 50 N 


105 55 B 


Tond[>erg 


Norway 


58 50 N 


10 5 B 


Torbay 


» England 


50 34N 


3 36w 


Tomea 


Sweden 


65 51 N 


24 16e 


Tonlon 


France 


,43 7 N 


6 2e 


Toolouae 


France 


. 43 36 N 


1 31 B 


Toura 


• France 


47 23 N 


46b 


Trente 


Italy ' 


45 43 N 


10 45 B 


Trieste 


• Carniola 


45 51 N 


14 SB 


Trinquemalee , 


Ceylon I. 


8 50 N 


83 24 B 


Tripoli 


Syria 


. 34 53 N 


36 7 B 


Tripoli 


Barbary « 


32 54 N 


13 10 B 


TnisiUa 


Peru 


8 COS 


78 35 W 


Tunia 


Barbary « 


36 47 N 


10 16 B 


Turin 


Italy 


45 5 N 


7 45B 


Tymau « 


Hungary 


48 23 N 


17 39 B 


Valencia • 


Spain 


39 30 N 


40W 


YallaHolid 


Spain 


41 42 N 


5 34 W 


Valpariso 


Chili 


33 3 N 


?2 14 W 


Vannes 


France 


47 39 N 


2 41 W 


Venice 


Italy 


45 27 N 


12 9 E 


Vera Cruz 


New Spain . 


19 12 N 


97 «5 W 


Verona 


Italy 


45 26n 


11 24b 


Versailles 


France 


48 48 N 


2 12 £ 



â» 



ASTROKOMT ADTD âlTOOSAtHr. 



Names of places. 


Countries. 


Lat or el. 
of the pofe. 


Lon. or dift 
of merids. 


Vicnûa 


Germany 


. 48<> 13'N 


ie*28'B 


Vigo 


Spain i 


» 42 14 N 


8 23 W 


Yilna 


Poland 


» 54 41 N 


25 16 £ 


Viterbo 


Italy 


. 42 25 N 


12 12 B 


Upsal 


Sweden 


. 59 52 N 


I7 47« 


Uraniburg 


Denmark 


55 54 N 


12 57 A 


Urbino 


Italy 


43 49 N 


12 43 E 


Wardhus 


Lapland , 


► 70 23 N 


51 12 £ 


Warsaw 


Poland 


52 14 N 


21 5 1^ 


AVaterford 


Ireland 


52 7 N 


7 teW 


Well» 


England 


/53 7 V 


1 OOK 


Wexford 


> Ireland 


52 13 N 


6 56^9^ 


Weymouth 


England 


52 40 N 


2 34 W 


Wbitby 


1 England 


, 54 30 N 


50W 


Whitehaven 


England 


. 54 25 N 


3 15 W 


Wicklow 


Ireland 


» 52 50 N 


6 30 W 


Wittenberg 


, Saxony 


. 51 43 N 


12 38 É 


Wiirtzburg 


t Franconia 


. 49 46 N 


10 19 * 


Wybourg 


Finland 


, 60 55 N 


30 ^Ë 


Yamboa 


Arabia 


. 24 25 N 


38 54 É 


Yarmouth 


England 


» 52 55 N 


1 40S 


Yellow River 


China 


. 34 6 N 


120 10 B 


Ylo 


Peru 


► 17 36 s 


71 8ir 


York New 


» America 


40 43 N 


74 4 IT 


YoQghal 


Ireland 


51 46n 


8 6W 


Zacatula 


Mexico 


. 17 ION 


105 0Ô W 


Zagrab 


Croatia 


. 46 6 N 


10 19 S 


Zante I. 


Italy 


. 37 50 N 


21 30 b 


Zara 


Dalmatia 


44 15 N 


16 55 £ 


Zurich 


Swisserland 


. 47 22 N 


9 21X 
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PRQ9I«9M IV. 

To find wliai o^ clock it is at any place of the earth, when it 

is a certain hour at another. 

• • . • 

Ab the es^rth makes one revolution on its axis in the 
course of a cpiiinHMi day, or of 24 hours, every point of 
the equator will describe the whole circle of 360 degreef 
in that iperiod; and therefore if 3$Q be divided by 24, the 
qaoti^it 15 yf'ûl be the number of degrees tluit corre» 
spond to one hour of time. Hence it is evident that twf 
places which are 15 degrees of longitude distant firom 
each other, will differ one hour in their computation of 
time, one of them making it earlier or later according as 
it is situs^ted to the east or west of the other. To deter* 
qfiine this problem therefore, find by the preceding table 
the difference of longitude of the two places, which may 
bç done by fqbtracting the longitude of the one from thai 
of the other if they are both east or both west of LondoQi 
or by adding them if the one b east and the other west, 
and then change the sum or difference into time ; this time 
^Wdded/ to or subtracted from the hour at one of the given 
places^ will give for result the hour at the other. If hat^ 
don be one of the places proposed, the difference of longi^ 
tude wiU be found in the last column to the right io the 
preceding table. 

To change the difference of longitude into time, 
multiply by 24, and divide by 360 ; or multiply by 4, 
and divide by .60; or only divide by 15; or find the 
hours and minutes corresponding to the given degrees 
and minutes in the subjoined table, which will greatly fa-v 
cilitate operations of this kind. 

Now let it be proposed to find what o'clock it is al 
Cayenne, when it is. noon at London. The difference of 
longitude, or of meridians, between London and Cayenne^ 
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is 52* 10'; which converted into time, gives 3 hours 28' 
minutes 40 seconds ; and as Cayenne lies to the west of 
London, if 3h 26m 40s be subtracted from 12 hours, the 
Remainder will be 8 hours 31 minutes 20 seconds : hence it 
appears that when it is noon at London, it is only 8h 31m 
1K)s ift the morning at Cayenne ; consequently when it is 
noon at Cayenne, it is 3h âSm 40s in the aftemoori at 
London. 

When it is noon at London, required the hour at 
Pekin ? The difference of meridians between London and 
Pfekin is 116° 29', which is equal in time to 7 hour» 45 
minutes 56 seconds. But as Pekin lies to the east of 
London, these 7h 45m 56s must be added to 12 hours; 
tmd hence it is evident that when it is noon at London^ 
it is 7h 45m 56s in the evening at Pekin* On the other 
hand, to find what o'clock it is at London wheA it is 
hoon at Pekin, these Ih 45m 56s must be subtracted 
from 12 hours, and the result will be 4h 14m 4s in the 
morning. 

When the two given places are both to the West of 
London, to find their difference of meridians, the longi« 
tude of the one must be subtracted from that of the 
other. If Madrid and Mexico, for instance, be proposed ; 
as the longitude of the first is 3? 2l', and that of the 
second 100° 1', if the former be subtracted from the 
latter, the remainder 96^ 40' will be their difference of 
longitude; which changed into time, gives 6 hours 26 
minutes 40 seconds* Hence, whei^ |t is nooft at Madrid, 
it is 5h 33m 20s in the morning at Bfexico. 

If one of the proposed places lies to the east and the 
other to the west of London, the longitude of the one 
must be added to that of the other, in order to hatre 
their difference of longitude; and the sum must then 
be converted into time^ and added or subtracted Bâ 
before. 
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By way of example we shall take Constantinople and 
Mexico^ .the former of ^hicb lies to the east of Londoiu 
The longitude of Constantinople is 28' 5S\ and that of 
Mexico lOO^ l', which added give for difference of longi- 
tude 128* 54' s in time to 8h 35m 36s. When it is noon 
tberefere at Constantinople, it is only Sh 24m 24s in the 
morning at Mexico; and when it is noon at the latter^ it 
is 8h 35m 36s in the evening at Constantinople. 
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Jl taUe for ehamging degrees wnd minutes into hours ^ mu 
nutesy and seconds, cr the contrary. 



, 








D 








D 


H M 


D 


H M 


H M 


D 


H M 


. M 


M 8 


M 


M S 


M 


M S 


M 


M S 


1 


4 


46 


3 4 


91 


6 4 


136 


9 4 


2 


8 


47 


3 8 


93 


6 8 


137 


9 8 


3 


0"l2 


48 


3 12 


93 


6 12 


138 


9 13 


4 


16 


49 


3 16 


94 


6 16 


139 


9 16 


5 


20 


50 


3 20 


95 


6 20 


140 


9 80 


6 


34 


51 


3 24 


96 


6 24 


141 


9 24 


7 


28 


52 


3 28 


97 


6 38 


143 


9 28 


8 


33 


53 


3 33 


98 


6 32 


143 


9 33 


9 


36 


54 


3 36 


99 


6 36 


144 


9 36 


10 


40 


55 


3 40 


100 


6 40 


145 


9 46 


11 


44 


56 


3 44 


101 


6 44 


146 


9 44 


13 


48 


51 


3 48 


103 


6 48 


147 


9 48 


13 


52 


58 


3 53 


103 


6 53 


148 


9 53 


14 


56 


59 


3 56 


104 


6 56 


149 


9 56 


15 


1 


60 


4 


105 


7 


150 


10 


16 


1 4 


61 


4 4 


106 


7 4 


151 


10 4 


17 


1 8 


62 


4 8 


107 


7 8 


152 


10 8 


18 


I 12 


63 


4 13 


108 


7 12 


153 


10 13 


19 


1 16 


64 


4 16 


109 


7 16 


154 


10 16 


SO 


1 20 


65 


4 20 


110 


7 30 


155 


10 30 


91 


1 24 


66 


4 24 


111 


7 24 


156 


10 84 


23 


1 28 


67 


4 28 


112 


7 28 


157 


10 38 


23 


1 33 


68 


4 33 


113 


7 32 


158 


10 33 


24 


1 36 


69 


4 36 


114 


7 36 


159 


10 36 


25 


I 40 


70 


4 40 


115 


7 40 


160 


10 40 


26 


1 44 


71 


4 44 


116 


7 44 


161 


10 44 


27 


1 48 


73 


4 48 


117 


7 48 


163 


10 48 


28 


1 53 


73 . 


4 53 


118 


7 52 


163 


10 53 


29 


1 56 


74 


4 56 


119 


7 56 


164 


10 56 


80 


3 


75 


5 


120 


8 


165 


11 


31 


2 4 


76 


5 4 


121 


8 4 


166 


11 4 


32 


2 8 


77 


5 8 


132 


8 8 


167 


11 8 


33 


3 18 


78 


5 13 


123 


,8 12 


168 


11 12 


34 


2 16 


79 


5 16 


124 


\a 16 


169 


11 16 


35 


2 20 


80 


5 20 


125 


% 20 


170 


11 30 


36 


2 34 


81 


5 24 


126 


1S4 


171 


11 24 


37 


3 28 


82 


5 38 


137 


8 38 


172 


11 28 


38 


2 33 


83 


5 32 


138 


8 33 


173 


Il 32 


39 


2 36 


84 


5 36 


129 


8 36 


174 


11 36 


40 


2 40 


85 


5 40 


130 


8 40 


175 


11 40 


41 


2 44 


86 


5 44 


131 


8 44 


176 


11 44 


42 


2 48 


87 


5 48 


133 


8 48 


177 


11 48 


43 


2 52 


8a 


5 53 


133 


8 53 


178 


Il 53 


44 


2 56 


89 


5 56 


134 


8 56 


179 


11 56 


45 


S 


90 


6 


135 


9 


180 


13 



GEOGRAPHICAL PARADOX. 3S 

In the above tables the narrow columns contain degrees or 
minutes, and the broad ones hours and minutes, or minutes 
and seconds. Thus, if 4 in the first narrow column repre- 
sent degrees, the 16 opposite to. it in the broad column 
will be minutes; and if 4 represent minutes, the 16 will be 
seconds. If it be required to change 4^ £0' into time ; op- 
posite to 4 will be found 16, which in this case is minutes, 
apd opposite to 20^ stands 1 minute 20 seconds, which 
added to 16 minutes, gives 17 minutes 20 seconds, the 
time answering to 4° 2JQl. 

PROBLEM V. 

Hffw two men may be bam an the same day, die at the same 
nwmenty and yet the one may have lived a day^ or even 
two days mare than the other. 

It is well known to all navigators, that if a ship sails 
round the world, going from east to west, those on bgard 
when they return will count a day less than the inhabitants 
of the country. The cause of this is, that the vessel, foU 
lowing the course of the sun, has the days longer, and in 
the whole number of the days reckoned, during the voyage, 
there is necessarily one revolution of the sun less. 

On the other hand, if the ship proceeds round the ivorld 
from west to east, as it goes to meet the sun, the days are 
shorter, and during the whole circumnavigation, the peo- 
ple on board necessarily count one revolution of the sun 
more. 

Let us now suppose that there are two twins, one of 
whom embarks on board a vessel which sails round the 
vior\d from east to west, and that the other has remained 
at. home. When the ship returns, the inhabitants will 
reckon Thursday, while those on board the vessel will 
reckon only Wednesday ; and the twin who embarked will 
have a day less in his life. Consequently if they should 
die the same day, one of them would count a day older 
than the other, though they were born at the same hour. 

VOL. III. n 
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But let US next suppose that, while the one circumnavi- 
gates the globe from east to west, the other goes round it 
from west to east, and that on the same day they return 
to port, where the' inhabitants reckon Thursday for ex- 
ample: in this case, the former will count Wednesday, 
and the latter Friday, so that there will be two days differ- 
ence in their ages. 

In fact, it is evident that the one is as old as the other ; 
the only difference is, that in the course of their voyage 
the one has had the days longer and the other shorter. 

If the latter returned on a Wednesday and the former on 
a Friday, the former would count the day of his arrival 
Thursday : next day would be Thursday to the inhabit- 
ants, and the day after would be a Thursday to those who 
arrived in the second vessel ; which, notwithstanding the 
popular proverb, would give three Thursdays in one 
week. 

PROBLEM VI. 

To find the length of the day in any proposed latitiide, when 
the sun is in any given degree of the ecliptic. 

Let the circle abcx, pi. I fig. 3, represent a meridian, 
and AC the horizon. Assume the arc ce, equal to the ele- 
vation of the pole of the proposed place, for example Lon- 
don, which is 51** 31'; and having drawn de, draw df 
perpendicular to it, or make the arc af equal to the com- 
plement of CE, and draw fd: it is here evident that ed 
will represent the circle of 6 hours, ^nd df the equator. 

After this is done, find by the Ephemeris the sun's de- 
clination, when in the proposed degree of the ecliptic, or 
determine it by an operation which we shall show how to 
perform hereafter. We shall suppose that the decHnation is 
north: assume the arc fm, towards the arctic pole, equal 
to the declination, and through the point m draw mn pa- 
rallel to FD, meeting the line de in o, and the horizon ac 
in N. Then from the point o^ as a centre, with the radius 
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OM 9 describe aa arc of a circle mt^ comprehended betweea 
the point m and nt parallel to db. Having measured the 
number of the degrees comprehended in this arc, which 
may be easily done by means of a protractor, and having 
changed them into time, at the rate of 1 hour to 15 de- 
grees, ftc, the double of the result will be the length of 
the day. 

Thus, if the length of the day at London, at the time 
when the sun has attained to the greatest northern declina- 
tion, be required ; as the greatest declination is 23^ 28', 
make fb equal to 23^ 28', and the arc bi will be found to 
be 124° 17', which corresponds to 8^ 17', and this doubled 
gives 16^ 34', as the length of the day. 

If you have no table of the sun^s declination for each 
degree of die ecliptic, this deficiency may be supplied in 
the following manner. Find the number of degrees which 
the son is distant from the nearest solstice, whether he has 
not yet reached it, or has passed it. We shall suppose 
that be is in the 23d degree of Tauris. The nearest solstice 
is that of Cancer, from which the sun, according to this 
supposition, is distant 37^ Draw the line bd representing 
a quarter of the ecliptic ; and having assumed, from the 
point b, the arcs bk and b^, each equal to 37^, draw Kit, 
intersecting bd in l: if mn be then drawn through the 
point L, it will give the position of the parallel required. 

All these things may be found much more correctly by 
trigonometrical calculation; but on that head we must 
refer the reader to works on astronomy. 

PROBLEM VIT. 

The longest Day in any Place being given ^ to find the 

Latitude. 

This problem is the converse of the preceding, and may 
be solved without much drSkulty ; for the longest day, in 
all places of the northern hemisphere, always happens 
when the sun has just entered the sign Cancer. Let fo 

d2 
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(pL 1 fig« 4) then represent the celestial equator, or rather 
its diameter, and bl that of the tropic of Cancer. On 
the latter describe a circle bkl; and having assumed the 
arc sK equal to the number of degrees corresponding to 
half the length of the given day at the rate of 15* for one 
hour, draw km perpendicular to bl ; if the diameter nmo 
be then drawn through the point m, the angle pco will be 
the elevation of the pole or latitude of the place. 

It would thence be easy to deduce a trigonometrical so- 
lution, and to determine the latitude by calculation; but, 
consistent with our plan, we must here confine ourselves 
to this graphic construction. 

PROBLEM VIII. 

1 

Th4i latitude of a place being given, to find the climate in 

which it is situated. 

In astronomy, the name climate is given to an interval, 
on the surface of the earth, comprehended between two 
parallels under which the difference of the longesit days is 
half an hour : thus the days in summer, under the parallel, 
whether north or south, distant from the equator 8^ 25^, 
being lâh 30°^, this interval, or the zone comprehended 
between the equator and that parallel, is called the first 
climate. 

. The limits of the different climates may therefore be 
"easily determined, by finding in what latitudes the days 
are i2| hours, 13, 13^, 14, 8cc. The following b a table 
of ail these climates. 



Limâtes. 
I 


Mo0t southern 
paral. of iaU 

0* (/ 


Most northeru 
paral. of lat. 

8^ 25' 


11 


8 25 


16 25 


III 


16 25 


23 50 


IV 


23 50 


30 20 


V 


30 20 


36 28 


VI 


36 28 


41 22 
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CKMitet» 


Mm! footlMni 
p»TàL of lat. 


Bfott DOTthtro 
paral. ofkit. 


¥11 


41 


22 


45 


29 


VIII 


45 


29 


49 


81 


IX 


49 


21 


51 


28 


X 


51 


28 


54 


27 


XI 


54 


2T 


56 


37 


XII 


56 


37 


58 


29 


XIII 


58 


29 


^ 59 


58 


XIV 


59 


58 


61 


18 


XV 


61 


18 


62 


25 


XVI 


62 


25 


63 


22 


XVII ^ 


, 63 


32 


64 


6 


XVIII 


64 


« 


64 


49 


XIX 


64 


49 


65 


21 


XX 


6S 


21 


6.5 


47 


XXI 


65 


41 


66 


6 


XXII 


66 


6 


66 


20 


XXIII 


66 


20 


66 


28 


XXIV 

1 1 


66 

. .1 


28 


66 


31 

• 
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As the longest day at the polar circle is 24 hoars^ and 
at the pole 6 months^ there are supposed to be six climates 
between that circle and the pole. 



Climates. 

XXV 

XXVI 

XXVII 

XXVIII 

XXIX 



Most southern 
paral. of ]at. 

66* 31' 



Most n^rtluire 
pa«iL of lat. 

6T 30' 



67 
69 
73 
78 
84 



30 
30 
âO 
20 
00 



69 
73 
78 
84 
90 



30 
20 
20 
00 
00 



Now if it be asked in what climate London is, it may be 
easily replied that it is in the tenth ; its latitude being 51^ 
sr, and its Icmgest day 16^ 34in. 

Remark.*— The idea of climates belongs to tbe ancient 
astronomy ; but the modern pays no attention to thi% di* 
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yision, which in a great measure is destitute of correctness, 
in consequence of the refraction ; for if the refraction be 
taken into account, as it ought to be, whatever Ozanam 
may say, it wiU be found that, under the polar circle the 
longest day, instead of 24, will be several times 24 hours ; 
for as the horizontal refraction elevates the centre of the 
sun 32' at least, the centre of that luminary ought conse- 
quently never to set between the 9th jof June and the 3d 
or 4th of July ; and the upper limb from the 6th of June 
to the 6th of July ; this makes a complete month, during 
which the sun would never be out of sight. 

PROBLEM IX. 

To measure a degree of a great circle of the earthy and even 

the earth it self. 

The rotundity of the earth, that is to say its being a 
globe, or of a form approaching very near to one, is 
proved by a number of astronomical phenomena ; but we 
think it needless to enumerate these proofs, which must be 
known by those who are in the least acquainted with the 
principles of philosophy and the mathematics. 

We shall here then suppose that the earth is perfectly 
spherical, as it apparently is ; and shall begin our reason* 
ing on that hypothesis. 

What is called a degree of the meridian on the earth, is 
nothing else than the distance between two observers, the 
distance between whose zeniths is equal to a degree, or the 
geometrical distance between two places lying under the 
same meridian, the latitudes of which, or their elevation of 
the pole, differ a degree. Hence, if a person proceeds 
along a meridian of the earth, measuring the way he 
travels, he will have passed over a degree when he finds a 
degree of difference between the latitude of the plaee 
which he left, and that at which he has arrtved ; or when 
any star near the zenith of his "first station has approached 
or receded a degree. 
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Nothing then is necessary but to make choice of two 
places, situated under the same meridian, the distance and 
bikiides of which are exactly known ; for if the less lati* 
tade be taken from the greater, the remainder will be the 
arc of the meridian comprehended between the two places ; 
«nd thus it will be known that a certain number of degrees 
and minutes correspond to a certain number of toises, or 
yards or feet, &c: all then that remains to be done, is to 
anke use of the following proportion : as the given num- 
ber of degrees and minutes, is to the given number of 
tonses, yards or feet, so is one degree to a fourth term, 
which will be the toises, yards or feet corresponding to a 
degree.'^ 

But as the stations chosen may not lie exactly under the 
same meridian, but nearly so, as Paris and Amiens, tbe 
meridional distance between their two parallels must be 
measured geometrically ; and when this distance, as well 
as the difierence of latitude of the two places is known, 
tàïe number of toises, yards or feet corresponding to a de- 
gree, may be found by a proportion similar to the pre- 
ceding. 

This was the method employed by Picard, to determine 
the length of a terrestrial degree of the meridian in the 
neighbourhood of Paris. By a series of trigonometrical 
<^erations, he measured the distance between the pavilion 
of Mahroisine, to the south of Paris, as far as tbe steeple 
of Amiens, reducing it to the meridian, and found it to be 
78907 toises. He found also by astronomical observa- 
tions, that the cathedral of Amiens was 1* 22' 6S" farther 
north than the pavilion of Malvoisine* By making this 
proportion then : as 1^ 22^ 58'' are to one degree, so are 
1Sd07 tmses to 57057, he concluded that a degree was 
equal to 57057 toises. 

Picardes measurement having been since rectified in 
tome points, it has been found that this degree is equal to 
57070 toises. 
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COaOLLARIES* 

I* Thus, if we suppose the earth spherical, its circum^ 
ference will be 20545200 French toises = 24881*8 E^glisk 
miles* 

IL Its diameter will easily be found by making use of 
the following proportion : as the circumference of the 
circle is to its diameter» or as 314159 is to 100000, so tt 
the above number to a fourth term, which is 6530196 toises 
= the diameter of the earth = 7920*12 English miles. 

IIL If we suppose its surface to be as smooth as that of 
the sea during a calm, its superficial content will be found 
to be 134164182859200 square toises = 197063856 £n* 
glish square miles* The rule for obtaining this result is : 
Multiply half the circumference by half the diameter^ and 
then quadruple the product ; or still shorter, multiply the 
circumference by the diameter. 

IV. To find the solidity : multiply the superficial con- 
tent, above found, by a third of the radius, which will give 
146019135041736067200 cubic toises = 260124289920 
English cubic miles. 

Remark. — ^The operation performed by Picard be- 
tween Paris and Amiens, was afterwards continued 
throughout the whole extent of the kingdom, both north 
and south ; that is to say, from Dunkirk, where the eleva^- 
tion of the pole is 51** 2' 2Y', to Collioure, the latitude of 
which is 42® 3l' 16": the distance therefore between the 
parallels of these two places is 8"* 31' ll\ But it was 
found at the same time by measurement, that the distance 
between these parallels was 486058 toises, which gives for 
a mean degree in the whole extent of France 57051 toises'; 
and by corrections made afterwards, this number was re- 
duced to 57038. 

During this operation.care was taken to determine the 
distance of the first meridian, which in France is that of the 
observatory of Parisi from the principal places between 
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wUch it passes. As it may perhaps afford gratification to 
some of our readers, we shall here present them with a 
table, the first column of which contains the names of 
these places, and the second the number of toises they are 
distant from the meridian, whether to the east or west of 
it. The place where the meridian was met by a perpen* 
dicular drawn to it, from the steeple of the cathedral of 
Bourges, was marked by a pillar. 

Table of the places in France nearest to the meridian of the 

observatory of Paris. 

Toil». 

1206 E. 
1414 £. 
3011 E. 
w. 
580 w. 
1252 w. 
2341 E. 

. 
. 
. 
1350 E. 
16396 w. 
S558 £. 

345 w. 

882 w. 
9528 £. 
8316 w. 
3911 w. 

246 £. 

23461 £. 

4664 E. 

nued, then enters Spain, 



Names of the Places. 

Fort de Revers 
Dunkirk 
Saint Omer 
Dourlens 
Villers Boccage 
Amiens 
Sourdon 
Saint Denis 
Montmartre 
Paris 
Lay 
Jifvisy 
Orleans 
Bourges 
&int Sauvier 
. Mauriac 
Rhodez 
.Alby 
Castres 
Carcassone 
Perpignan 
The summit of the Canigou 

The meridian of France cont 



leaving Gironne on the east, at the distance of about f of 
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a degree ; patises two or three thousand toiaes to the eM: 
of Barcelona, traverses very nearly the island of Rfojoroa, 
to the east of that city, and then enters Africa, about T 
minutes <rf a degree west of Algiers. But we shall not 
follow its course farther through unknown natk)ns and 
countries : we shall only observe that it issues from Africi^ 
in the kingdom of Ardra. The astronomers of France 
have, since the above, repeated the measurement of the 
said arc through the country, with no great difference ; 
from which they have deduced the length of the meridionsd 
quadrant, which has been assumed as the standard of the 
new universal measures. Also several degrees of the 
meridian through England are now measuring by Lt* Col. 
Mudge, of the Royal Artillery, under the auspices of the 
Master General and Board of Ordnance. 

PROBLEM X. 

Of the real figure of the earth. 

We have already said that the rotundity of the earth is 
proved by various astronomical and physical phenomena ; 
but these phenomena do not prove that it is a perfect 
sphere. Accurate methods for measuring it were no sooner 
employed, than doubts began to be entertained respecting 
its perfect sphericity. In fact, it is now demonstrated 
that our habitation is flattened or depressed towards the 
poles, and elevated about the equator ; that is to say, the 
section of it through its axis, instead of being a circle, is a 
figure approaching very near to an ellipse, the less axis of 
vrhich is the axis of the earth, or the distance from the 
one pole to the other, and the greater the diameter of the 
equator, Newton and Huygens first established this truth, 
on physical reasoning deduced from the centrifugal force 
and rotation of the earth ; and it has since been confirmed 
by astronomical observations. 

The manner in which Newton and Huygens reasoned^ 
was a& follows. If we suppose the earth originally spherical 
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pod motioDlesSi it would be a globe, the greater part of 
ibe sar£ace ef which would be covered with water. But 
it is at present demonstrated, that the earth has a rotary 
IBotioD around its axis, and every one knows that the effect 
of circular motion is to make the revolving bodies recede 
firoan the centre of motion: thus the waters under the 
equator will lose a part of their gravity, and therefore they 
9M8t rise to a greater height, to regain by that elevation 
the force necessary to counterbalance the lateral coltunns, 
eittended to other points of the earth, where the centri* 
£igal force, %hich counterbalances their gravity, b less, 
and acts in a less direct manner. The waters of the ocean 
Ikeo must rise under the equatoj: as soon as the earth, 
supposed to be at first motionless, assumes a rotary motion 
round its axis : the parts near the equator will rise a little 
less, and tiiose in the neighbourhood of the poles will sink 
down ; for the polar column, as it experiences no centri- 
fugal force, will be the heaviest of all. This reasoning 
cannot be weakened, but by supposing that the nucleus of 
the earth is of an elongated form ; or by supposing a 
^ii^ular contexture in its interior parts, expressly adapted 
lor producing that effect; but this is altogether im- 
probable. 

The philosophers however on the continent persisted a 
long time in refusing to admit this truth. Their principal 
«rgunents against it were founded on the measurement of 
the degrees of the meridian made in France ; by which it 
appeared that a degree was less in the northern part of 
the kingdom than in the southern, and hence they con- 
daded that the figure of the earth was a spheroid elongated 
ftt the poles. If the earth, said they, were perfectly sphe- 
lical, by advancing uniformly under the same meridian, 
tfae elevation of the pole would be uniformly changed. 
Thus, in advancing from Paris, for example, towards the 
north 57070 toises, the elevation of the pole would vary a 
degree ; and to make the elevation of the pole increase 
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another degree, it would be necessary to advance towards 
the north 57070 toises more ; and so on throngbont thé 
whole circumference of a meridian. 

If, ih proportion as we proceed northwards, it is found 
necessary to travel farther than the above number of toises 
before the latitude is changed one degree, there is reason 
to conclude that the earth is not spherical, but that it h 
less curved or more flattened towards the north, and tlrat 
the curvature decreases the nearer we approach the pole, 
which is the property of an ellipsis having its poles at the 
extremities of its less axis. In the contrary case, it would 
be a proof that the curvature of the earth decreased to- 
wards the equator; which is the property of a body 
formed by the revolution of an ellipsis around its greater 
axis. 

But it was believed in France at first, that the degrees 
of the meridian were found to increase the more they 
approached the south. The degree measured in the 
neighbourhood of CoUioure, the austral boundary of the 
meridian, appeared to be equal to 57192 toises» while that 
in the neighbourhood of Dunkirk, which was the most 
northern, seemed to be only 56954. There was reason 
therefore to conclude that the earth was an elongated 
spheroid, or formed by the revolution of an ellipsis arourid 
its greater axis. 

The partisans of the Newtonian philosophy, at that time 
too little known in France» replied, that these observations 
proved nothing, because the above difference, being so 
inconsiderable, could be ascribed only to the errors un- 
avoidable in such operations. As 19 toises correspond to 
about a second, the 238 toises of difference would amount 
only to about 12 seconds; an error which might have 
arisen from various causes : they even asserted that this 
difference might be on the opposite side. 

To decide the contest, it was then proposed to measure 
two degrees as far distant from each other as possible, one 
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«nder the equator, and tb^ other as near the pole as the 
eoid of the polar regions would admit* For this purpose, 
Ifaupertnia, Camus, aqd Clairaut, were dispatched by the 
king in the year 17S5, to measure a degree of the meridian 
at the bottom of the Gulph of Bothnia, under the arctic 
polar circle; and Bouguer, Godin, and Ck>ndamine, were 
sent to the neighbourhood of the equator, where they 
measured^ not only a degree of the meridian, but almost 
three. It resulted from these operations, performed with 
the, otmost care and attention, that a degree near the polar 
ôrcle was equal to 57422 toises, and that a degree near the 
equaUMT contained 56750, which gives a difference of 672 
toises, and therefore too considerable to be ascribed to the 
errors unavoidable in the necessary observations. Since 
^lat ti'ine it has never been contested that the es^rth is 
flattened towards the poles, as Ne\rton and Huygens 
asserted. We shall here add that the measurements 
formerly nuuie in France having been repeated, it was 
found that the degree goes on increasing from south to 
north as ought to be the case, if the earth be an oblate 
spheroid. 

This truth has been since confirmed by other measure- 
ments of the meridian, made in different parts of the earth* 
The Abbé de ïa Caille having measured a degree at the 
Cape of Good Hope, that is under the latitude of about 33* 
south, found it to be 57037 toises ; and in 1755, Fathers 
Maire and Boscovich, two Jesuits, having measured a 
(degree in Italy, in latitude 43^, found it to be 56979 : it 
is tlierefore certain that the degrees of the terrestrial 
meridian go on increasing from the equator towards the 
poles, and that the earth has the form of an oblate 
spheroid. 

Other operations of the same kind for measuring a de- 
gree of the terrestrial meridian have been since undertaken 
at different times, as by the Abbé Liesganig in Germany, 
near Vienna; by Father Beccaria in Lombardy; and by 
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Mesi^Ts. Mason and D»on, members of the Royal Societj^ 
of London^ in North America ; and again more lately hy 
Mechfliiii and De Lambre in France. They all confirm tlie 
difiotfitttion of the terrestrial degrees as they approach the 
equator, thongh with inequalities difficult to be recoheiied 
with a regular figure. But it may here be asked, why 
should the earth bare a figure perfectly regular i 

It i^i indeed) impossible to determine with accoraey the 
proportion between the axis of the earth and its diamet^ 
at the equator: it has been proved that the former i^ 
shorter, but to find their exact ratio would require obser^ 
nations which can be made only at the pole. However tb€ 
most probable ratio is that of 177 to 178. 

Consequently, if this ratio be admitted, the axis of ih% 
earth from the one pole to the other, will be 652^5376 toisesi 
and the diameter of the equator 6562242. 

I» the last place, the difference between the distance of 
any point of the equates on a level with the sea, to Ûn^ 
centre of the earth, and the distance of the pole from the 
same centre, will be ld4S3 toises, or about 22 English, 
miles. 

Since Montuchi wrote the above, however, the French 
astronoaaers Mechain and De Lambre, in 1799, completed 
dieir measurement of the meridian, from Dunkirk in 
France, to near Barcelona in Spain, an extent of almost 
10 degree»; from which it has been more accurately de* 
duced, that the fattening of the earth at the pe^s is ofify 
the 384tb part^ the ratio of the axes being that of 334 to 
833 ; that the polar axis is 7899|^ English miles, the equa- 
tonsA diameter 7923f miles, their half difference only 1 1-^ 
miles, which is the height of thé equator more thain that 
at the pole, from the centre; the mean diameter 791 1|. 
miles, the mean circumference 24673|- miles, the greatest 
or equatorial circumference 24892^ miles, the least or 
meridional circle 248^ miles, and tlie difierence of the 
two 37|^ miles. 
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COROLLARIES. 

I. From wbat has been said, several carious truths may 
be deduced* The first is, that all bodies, except those 
placed under the equator and the poles, do not tend to 
the centre of the earth ; for a circle is the only figure in 
whtcfa all the linei perpendicular to its circumference tend 
to the same point. In other figures, the curves of which 
are continually varjring^ as is the case with the meridians 
of the earth, the lines perpendicular to the circumference 
all pass through different points of the axis. 

II. The elevation of the waters under the equator, and 
their depression under the poles, being the effect of the 
earth*s rotation round its axis, it may be readily conceived 
that if this rotary motion should be accelerated, the ele- 
vation of the waters under the equator would increase ; 
and as the solid part of the earth has assumed, since its 
creation, a consistence which will not suffer it to give way 
to such an elevation, the rising of the waters might be- 
come so great, that all the countries lying under the 
equator would be inundated ; and in that case the polar 
seas, if not very deep, would be converted into dry land» 

On the other hand, if the diurnal motion of the earth 
should be annihilated, or become slower, the waters ac- 
cumulated, and now sustained under the equator, by the 
centrifugal force, would fall back towards the poles, and 
overwhelm all the northern parts of the earth: new islands 
and new continents would be formed in the torrid zone by 
the sinking down of the waters, which would leave new 
tracts of land uncovered.* 

Remark. — ^We cannot help here remarking one ad- 
vantage which France, and all countries near the mean 
latitude of about 45 degrees, would in this case enjoy. If 
such a catastrophe should take place, these countries would 
be sheltered from the inundation, because the spheroid, 
which is the real figure of the earth at present, and the 
globe or less oblate spheroid into which it would be 
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changed, would have their intersection about the 45th 
degree ; consequently the sea would not be altered ia that 
latitude. 

PROBLEM XI. 

To determine the length of a degree on any given parallel of 

latitude. 

As the difference between the greater and less diameter 
of the earth does not amount to the 300th part, in tbb and 
the following problems we shall consider it as absolutely 
spherical ; especially as the solution of these proolems, if 
we supposed the earth to be a spheroid, would be attended 
with difficulties inconsistent with the plan of this work. 

Let it be proposed then to determine how many miles 
or yards are equal to a degree on the parallel passing 
through London ; that is to say under the latitude of 51 
degrees 31 minutes. This problem may be solved either 
geometrically or by calculation, according to the following 
methods 

1st. Draw any straight line ab, pi. 1 fig. 5, and divide it 
into 23 equal parts, because a degree of the equator con- 
tains 69*14 miles or about 33 leagues. Then from the 
point A as a centre, with the distance ab, describe the arc 
BC, equal to 51^ 3l' ; and from the point c draw cd per- 
pendicular to AB : the part ad will indicate the number of 
leagues contained in a degree on the parallel of 51* 31^ 

2d. This however may be found much more correctly 
by trigonometrical calculation ; for which purpose nothing 
is necessary but to make use of the following proportion: 

As Radius 1000000 

is to the cosine oflat. 51* 31' . . 622287 

So are the miles in a degree of the equator 69x 
to a fourth term which wUl be . 43'0267 

This last term 43*0267, or 43 nearly, is the number of 
miles contained in a degree on the parallel of 51^ 31'. 
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^fae above example is worked by means of the natural 
Mné^ and the common rale of thfee ; but the same^ tbkig 
may be done by logarithms in the following manner: 

As Radius • • . • « lO'OOOOOOa 

isto the cosine of the latitude SV ^{' . 9"793990'7 

Sa are the miles in a degree viz • 69 14 rS397294 

U> a fourth term .... 1*633720 1 

which in the table of logarithms will be found answering 

to 43*025 miles, as before nearly .^ A degree therefore on 

the parallel of London contains nearly 43 mileS| or ab0at 

15643 yards. 

The demonstration of this rule is easy^ if it be recollected 
that the circumferences of two circles, or degrees of these 
circles, are to each other in the ratio of their radii. But 
the radius of the parallel of London is the cosine of the 
latitude ; whereas the radius of the earth, or of the equator^ 
is the real radius or sine of 90% and hence the above rule. 
3d. If the circumference of the earth at the given 
parallel be required, nothing is necessary but to multiply 
the degree found as above by 360: thus as a degree on the 
parallel of Londofi Is equal to 43 miles, if this number be 
multiplied by 360, we shall have 15480 miles, for the whole 
circumference of the circle of that paralleK 

The following table, which shows the number of miles 
contained in a degree on every parallel, from the equator 
to the pole, is Computed on the supposition that the length 
of the degrees of the equator are equal to those of the 
meridian, at the medium latitude of 45^, which length is 
Deadly 69 j\ English miles. 
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PROBLEM XII. 

Given the latitude and longitude of any two places on the 
earthy to find the distance between them* 

We must here observe, that the distance of any two 
places on the surface of the earth, ought to be the arc of 
the great circle intercepted between them. The distance 
therefore of any two places, lyi"g under the same parallel, 
is not the arc of that parallel intercepted between them, 
but an arc of a great circle having the same extremities as 
that arc ; for on the surface of a sphere^ it is the shortest 
way from one point to another, as a straight line is upon a 
plane surface. 
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This being premised, it may be readily seen that this 
'jprobfemsis susceptible of several cases ; for the two places 
proposed may lie under the same meridian, that is to say 
have the same longitude, but different latitudes; or they 
may have the same latitude, that is lie under the equator 
or under the same parallel ; or in the last place their longi^ 
tildes and latitudes may be both different : there is also a 
sub-division into two cases, viz. one where the two places 
are in the same hemisphere, and another where one is in 
the northern and the other in the southern hemisphere. 
5Biit we shsdl confine ourselves to the solution of the ohly 
case which is attended with any difficulty. 

For it is evident that if the two places are under the same 
(meridian,'the are which measures their distance is their 
tdtfRerence of latitude, provided they are in the same 
Ihemispbere, or the sum of these latitudes if they are in 
édifièrent hemispheres. Notbkig then is necessary but to 
'vodnee this arc into leagues, miles or yards, and the result 
will be the distance of the two places in similar parts* 

If the places lie under the equator^ Ûie amplitude of the 
;^c which separates them may be determined with equal 
cease ; and èain then be reduced into leagues, milies, &c. 

Let us suppose then, which is the only case attended 
wkh difficulty, that the places differ both in longitude and 
latitude, as London and Constantinople, the former of 
which is 28' 53^ farther west than the latter, and 10*" 31' 
farther ndrtb. If we cotiéeive a great circle passing 
through these two cities, the arc comprehended between 
them will be found by the following construction. 

Frc»n À as a centre <pl. 1 fife. 6 n° 1), with any opening 
eif the compasses taken at pleasure, describe the semicircle 
HCBB, representing the meridian of London. Take the 
«XT BF equal to 5V 31% which is the latitude "Of London, 
in order to find its place in f, and draw the radius af. 

In the same semi-circle, if the arcs bg and ei> be taken 
each equal to 41^, the latitude of Constantinople, the line 

e2 
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ÙD will be the parallel of Constantinople^ tlié plaëè of 
which must be found in the following manner. 

On CD as a diameter, describe the semi-circle coo ; nmd 
in the circumference of it take the arc cg equal to tbe 
difference of longitude between London and Constanti- 
tiople,'that is 28^53'; then froni the point g drsiw oh» 
perpendicular to cD, to have in h tlie projection: of tbe 
place of Constantinople ^ and from the point h draw hi, 
perpendicular to af and terminated at i by the arc bcj)s: 
if the arc 0^1 be measured, it will give the distance required 
in degrees and minutes. In this ca^e it is about 92 
degrees*. 

If one of the places be on the other side of thé equator^ 
as the'city pf Fernambouc in Brasil is in regard to London^ 
being in 7* SO' of south latitude, the arc bg must be assumed 
on the other side of the diàmlster bb (fig. 6 if 2), equal 
to the latitude of the second place given, whiich is here 
T 30^^^; and as the difference of longitude between London 
and Fernaiqbouc is 35* 5% it will be ne<^tery to make 
the arc cg = 3i* 5'. By these means the arc fi wiM be 
found to be equal to about 66°t, which reduced into miles 
of 69*07 to a degree^ gives 4558 miles, for the distance 
between London and the above city of Brasil. 

Remark»— -When the distance between the two placesis 
not very considerable, as is the case with Lyons and 
Geneva^ the latter being only 36' farther north than the 
former, atnd more to the east by 6 minutes of time, which 
is equid to 1* 3(y under the equator, the calculation may 
be greatly shortened^ 

For this purpose, take tbe ptiean latitude of the two 
places, which in this iostance is 46*^ 4', and find by tbe 
preceding problem the eittent of a degree on the parallel 
passing through that latitude^ which will be s 47*9^ 

• CalcQlatiGm by spherical trigonometry gWes 9i^ ^* 
t Trigonometrical calculation gives 6^ l&^ 
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intiès* The difference of longitude. between these places 
is 1* 30', which on that parallel, allowing 47*922 miles 49 
A degree, gfives 71*88 miles, and the miles corresponding 
to the difierence of latitufle are 41*44. 
- jf we therefore suppose a right angled triangle, one of 
^ sides of which adjacent to the right angle is 41*44 miles, 
|nd the other 71*88, by squaring these two numbers, add- 
ing them together, and extracting the square root Y>f the 
sum, we shall have the hypothenuse equal to 82*97 miles; 
wfaii^ will be the «distance, in a straight line, between 
Lyons and Geneva^ 

4s this is the proper placp for makii^ known the mçar 
sores employed by different nations, in measuring itinerary 
^içtanices, it will doubtless be gratifying to our readers to 
$pd here a table of them» especially as it is difficult to 
tollect them : for the same reason we have added some of 
the itinerary measures of the ancients, the whole expressed 
ill English feet. 

TABLE OF ITINERARY MEASURES, 
Ancient and Modern. 

ANCIENT GBEECE* 



The Olympic stadium . 

A smaller stadium 

The least stadium • • • 


Feet. 
604 

482 

322 


EGYPT. 




The schsDUUs . • • • 


19421 


PEESIA. 




The parasang or farsang . . - 


14499 


BOMAN EMPIRE. 




The mile {milliare) • . 


4833 


- JUDEA. 




The rast or stadium 
The berath or mile 


486 
3640 



5* 
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ANCIENT GAUL. 



The league (leug) 



GERMANY* 

The rast or league 

The mile 124^ to a degree 

The same 15 to a degree 



ABASIA. 



The mile 



.FRANCE. 

The mile of 1000 French toises 

The small league of 30 to a degree 

The mean league of 25 to a degree 

The great or marine league of 20 to a degree 



SWEDEN. 



The mile 



The mile 



The mile 



The mile 



The mile 



DENMARK. 



ENGLAND. 



SCOTLAND. 



IRELAND. 



SPAIN. 

The league {legale of 5000 vares) 
The common league 17-J to a degree . 



ITALY. 



The Roman mile 
The Lombard mile 
The Venetian mile 



feet. 
7349 

14498 
28995 
84292 

692» 

6S92 
12159 
14594 
18238 

■ 
S505O 

25123 

5280 

7332 

6724 

13724 
20846 

4909 
5425 
6341 
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POLAND. 



The league • • 

The ancient went 
The modern werst 

Theagash • 



RUSSIA, 



TUBKETi 



INDIA. 

The little coss 

Tbç great coss 

The gau of the Malabar coast 

The nari or nali of the same • 






CHINA. 



The present li • 

The pu, equal to 10 lis 



55 

Feet. 

18223 

4193 

3497 

16211 

8579 

9857 

S8356 

5753 

1885 
18857 



These evaluations are extracted from a work by Dan- 
ville, entitled Traité des Mesures itinéraires anciennes et 
modernes f Paris, 1768, 8vo, in wtiich this subject is treated 
with great erudition and sagacity ; so that, amidst the un« 
certainty which prevails in regard to the precise relation 
between these, measures and ours, the evaluations given by 
Danville may be considered as the most probable, and the 
best founded. We have deviated therefore in many points 
from those given by Christiani, in his book Delle Misure 
togni genere antiche è moderne. This work is valuable in 
some respects ; but the subject is far from being examined 
there in so profound a manner as it has been by Danville. 

PROBLEM XIII. 

To represent the terrestrial globe in flano. 

A map, which represents the whole superficies of the 
terrestrial globe on a flat surface, is called a planisphere^ 
or general map of the world. 
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• 

A map of this kind is generally represented in twd 
hemispheres ; because the artificial globe, which represcnU, 
the globe of the earth, cannot be all seen at one view Î 
hence, when delineated in piano, it is necessary to divide 
ft into two halves, each of which is called a hemisphôre^ 
It may be thus represented in three ways. % 

The first is to represent it as divided by the plane of 
the meridian into two hemispheres, one eastern the othei:. 
western. This method is that generally used for- a map of 
the world, because it exhibits the old continent in the one 
hemisphere, and the whole of the new in the other* — • 

The second is to represent it as divided by the equatoi^ 
ihto two hemispheres, the one northern and the other 
^Southern. This representation is in some cases attended 
ivith advantage, because the disposition of the .most 
northern and most southern countries are better, seen* 
Some maps of this kind have been published, in which the 
tracks pursued by our modern navigators, and all the dis« 
coveries made by them in the South Seas, are accurately 
delineated. 

The third method is to exhibit the globe of the earth as 
divided by the horizon into two hemispheres ; the upper 
and lower, according to the position of each, ^ 

Under certain circumstances this form has its advantages 
also. The disposition of the different parts of the earth,,* 
in regard to the proposed place, are better seen, and a 
great many geographical problems can be solved by it. 
with much greater facility. 

Father Chrysologue of Gy, in Franche-Comté> published 
some years ago two hemispheres of this kind, the centre of 
one of which was occupied by Paris; and he added au 
explanation of the different uses to which they might be 
applied. 

Two methods maybe employed in these representations. 
According to one of them, the globe is supposed to be 
seen by the eye placed without it ; and such as it would, 
appear at an infinite dbtance. 
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JUx^ordiag to thé other, each hemisphere is supposed to 
be viewed on the poncave side ; as if the eye were placed 
at the end of the central diameter, or at the pole of the 
oppo»te hemisphere ; and it is conceived to be projected 
o« thé plane, of its base. Hence arise the different proper- 
'ties of these representations, which we shall here describe. 
L When the globe is represented as seen on the convex 
aide, and divided into two hemispheres by the plane of the 
first meridian, the eye is supposed to be at an infinite 
cUstance, opposite to the point where the equator is inter- 
sected by the 90th meridian* All the meridians are then 
reprasented by ellipses, the first excepted, which is repre* 
sented by a circle, and the 90th which becomes a straight 
finet the parallels of latitude also are represented by 
straight lines. This representation is attended with one 
great fault, viz, that the parts near the first meridian are 
very much contracted, on account of the obliquity under 
which they present themselves. 

When the hemispheres are represented by the second 

method, that is, as seen on the concave side, and projected 

OD the plane of the meridian, the contrary is the case. It 

is supposed, in regard to the eastern hemisphere, that the 

eye is placed at the extremity of the diameter which passes 

through the place where the equator and the 90th meridian 

iatersect each other. In this case there is more equality 

between the distances of the meridians; and even the 

parts of the earth represented in the middle of the map lie 

somewhat closer than those towards the edges. Besides, 

all the meridians and parallels are represented by arcs of 

a circle, which is very convenient in constructing the map. 

It is attended however with this inconvenience, that the 

parts of the earth have an appearance different from what 

tbçy have when seen from without. Asia for example is 

seeo on the left, and Europe on the right ; but this may 

be easily remedied by a counter-impression. 

II. If a projection of the earth on the plane of the 
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equator be required, the eye according to the first method 
may he supposed at an infinite distance in the axis pro^ 
duced : the pole will then occupy the centre of the map ;^ 
the parallels will be'T:oncentric circles, and the meridian» 
straight lines. But it is attended with this inconvenience' 
that the parts of the earth near the equator, will be rery- 
much contracted. 

For this reason it will be better to have recourse to the 
second method, which supposes the northern hemisphere, 
to be seen by an eye placed at the south pole, and vsbr 
'oersa : as there is here an inversion of the relative position; 
of the places, it may be remedied in like manner by ft 
counter-impression. 

III. If the eye be supposed in the zenith of any deter-^ 
minate place, as of London for example, and at an infinite 
distance, we shall have on the plane of the horizon a re- 
presentation of the terrestrial hemisphere, the pole^ of 
which is occupied b}^ London, and which is of the third 
kind. But this representation will still be attended with 
the inconvenience of the places near the horizon being too 
much crowded. 

This defect however may be remedied by employing 
the second method, or by supposing the above hemisphere 
to be seen through the horizon by an eye placed in the 
pole of the lower hemisphere : the different meridians will 
then be represented by arcs of a circle, as will also the 
parallels : the circles representing, the distance from the 
proposed place, to all other places of the earth, will be 
straight lines. The inversion of position may be remedied 
as in the preceding cases. 

The numerous uses to which this particular kind of pro* 
jection can be applied, may be seen in a work published 
by Father Chrysologue in 1774, and which was intended 
as an explanation of his double map of the world, already 
mentioned. 

Various other projections of the globe might oe con- 
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ceiyed; and by suppoung the eye in some other point 
tban the pole of the hemispherey mq|re equaUty might be 
preserved between the parts lying near to the centre and 
^ edges of the projection ; but this would be attended 
wilji other inconveniences, viz» that the circles on the sur- 
fi^ae of the sphere or globe, would not be represented by 
circles or straight lines, which would render a description 
of them difficult. It is therefore better to adhere to the 
projection where the eye is supposed to be in the pole of 
the hémisphère opposite to that intended to be repre- 
sented ; whether the terrestrial globe, as iu commoo maps, 
]i{ to be projected on the plane of the first meridian, or 
whether it be required to project it on the plane of the 
ei|aator, or on that of the horizon of any determinate 
{dace, 

PBOBLEM XIV. 

2%^ latitude and longitude of two places ^ London and Cayenne 

for example J being given; to find with what point of the 

horizon the line drawn from the one to the other corresponds; 

or what angle the azimuth circle drawn from the former 

of these places through the other makes with the meridian. 

The solution of this problem is attended with very little 
difficulty, if spherical trigonometry be employed, as it is 
reduced to the following : the two sides of a spherical tri- 
angle and the included angle being given, to find one of 
the other two angles. But for want of trigonometrical 
tables, which I had lost with all my baggage in conse- 
qoence of shipwreck, I found myself obliged on a certain 
occasion to solve this problem by a simple geometrical 
construction, which I shall here describe. I cannot how- 
ever help mentioning the singular circumstance which 
conducted me to it. 

Being at the island of Socotora, near Madagascar, on 
Wd a vessel belonging to the East India company, which 
W touched there, I formed an acquaintance with a de- 
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vout Mussulam, one of the richest and most respectable 
inhabitants of the island. As he soon learned, by the 
astronomical observations which he saw me make» that I 
was an astronomer, he requested me to determine iji his 
chamber the exact direction of Mecca ; that he might turn 
himself towards that venerable place when he repeated his 
prayers. I at first hesitated on account of the object ; 
but the good labia (that was his name) begged with so 
much earnestness, that I was not able to refuse. Having 
neither charts nor globes, and knowing only the latitude 
and longitude of the two places, I had récourse to a graphic 
construction on a pretty large scale. I determined the 
angle of position, which Mecca forined with the above 
island; and traced out, on the floor of his oratory, the 
line in the direction of which he ought to look, in order 
to be turned towards Mecca. Words can hardly express 
how mqch the good labia was gratified by my compliance 
with his wishes; and I have ho doubt, if still alive, that 
he offers up grateful prayers to his prophet for iny con- 
version. But let us return to our problem, in which we 
shall take, by way of example, London and Cayenne. 

To resolve it by a geometrical construction, describe a 
circle to represent the horizon of London, which we shall 
suppose to be in the centre p: the larger this circle is, the 
more correct will the operation be. Draw the two dia- 
meters AB and CD, cutting each other at right angles; 
and having assumed dn, equal to the distance of Ldndbh 
from the pole, draw the radius np, and pe perpendicuTair 
to it, which will represent a radius of the equator : make 
the arc ek equa^l to the distance of the secohd plaée'frôm 
the equator, which in regard to Cayenne is 4** 56'; draw 
also KF and kg, perpendicular to the radii pb and pn ; 
and from the point g draw go perpendicular to the di- 
ameter AB, and continue it on both sides: if from o as a 
centre, with the radius ok, a semi-circle rhq be then 
described on the line roq, the points b and q will nèces- 
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Mtrily fall within the circle ; because po being greater than 
po, we shall have, on the other hand, ok or or less than 

DS. 

Having described the semi-cifcle bhq, assume the arc 
Ui equal to the difference of the longitudes of the two 
places, that is towards the side c, which we here suppose 
to represent the west, and towards the south if the second 
place lies to the west of London and farther south, which 
is the case in the proposed example ; for Cayenne is situ- 
ated to the west of London, and lies much nearer the e(|ua- 
tor« Hence it may be readily seen what ought to be done, 
if the second place lay farther north, or to the east, inc. 
The arc hi then having been taken equal to 52^ 1 T, draw 
IL perpendicular to the diameter bq ; and draw hi till it 
meet, in m, that diameter continued : if mf be then drawn, 
which will cut li in t, the point t will represent tiie pro- 
jection of Cayenne on the horizon of London ; and con- 
sequently, by drawing the line ft, the angle tpa will be 
that formed by the azimuth of London passing through 
Cayenne* 

It will be found, by this operation, that the line of po- 
ntion of Cayenne, in regard to London, makes with the 
meridian an angle of 61^ 48', consequently Cayenne bears 
from London south west by west | west nearly. 

It must however be allowed that this problem can be 
solved mechanically, by means of a globe, with much more 
ease and convenience ; for nothing more is necessary than 
to rectify the globe for the latitude of London ; to screw 
. &st the quadrant of altitude to that point, and then to turn 
it till the edge of it corresponds with Cayenne : if the num- 
ber of degrees intercepted between it and the meridian be 
then counted on the horizon, you will have the angle it 
forms with the meridian. But as a globe may not always 
he at hand, nor tables of sines and tangents to solve it 
trigonometrical ly, this want may be supplied by the gra- 
phic construction above described. 
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THEOBSNU 

Tke heaoenhf bodies are never seen in the place where they 
really are : thus^ for example, the "wholeface of the mn 
is seen above the horizon after he is actually set. - 

Though this has the appearance of a paradox, it is a 
truth acknowledged by all astronomers, and Which philoso- 
phers explain in the following manner. 

The earth is surrounded by a stratum of a fluid much 
denser than that which fills the expanse of the celestial 
regions, A small portion of the terrestrial globe enve- 
loped by this stratum, commonly called tlie atmosphei^, 
is seen represented fig. 8 pi. 2. If the sun then be in s, a 
central ray se, when it reaches the atmosphere, inistead of 
continuing its course in a straight line, is refracted towards 
the perpendicular, and assutnes the direction e'f. A spec- 
tator at F, must consequently see the sun in the line fé ; 
and as we always judge tlie object to be in the direct con- 
tinuation of the ray by which die eye is affected, the spec- 
tator at F sees the centre of the sun at s, a little nearer the 
zenith than he really is; and this deviation is greater^'the 
nearer *the body is to the horizon, because the ray then 
falls with more obliquity on the surface of the atmospheric 
fluid. 

Astronomers have found that when the body is on the 
horizon, this refraction is about 93 minutes; therefore 
when the upper limb of the sun is in the horizontal line» 
so that if there were no atmosphere he would seem ôriy 
beginning to peep over the horizon, he appears to be ele- 
vated 93 minutes ; and as the apparent diameter of the sun 
is less than 33 minutes, his lower limb will appear to touch 
the horizon. Thus the sun is risen in appearance, though 
he is not really so, and even when he is entirely below the 
horizon. Hence follow several curious consequences, 
which deserve to be remarked. 

I. More than one half of the ^celestial sphere is always 
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seen ; though in every treatise on the globes it is supposed 
that we see only the half; for besides the upper hemi- 
sphercy we see also a band round the horizon of about 33 
minutes in breadth, which belongs to the lower hemi- 
sphere. 

!!• The days are every where longer, and the nights 
shorter, than they ought to be according to the latitude of 
the place ; for the apparent rising of the nun precedes the 
real rising, and the apparent letting follows the real set- 
ting; therefore, though the quantity of day and night 
ought to be equally balanced at the end of the year, the 
former exceeds the latter in a connderable degree. 

m. The efiect of refraction, above described, serves also 
to account for another astronomical paradox, which is as 
follows. 

The moon may be seen eclipsed even totally and cen. 
frally, when the sim is above the horizon, 

A total and central eclipse of the moon cannot take place 
but when the sun and moon are directly opposite to each 
other. We here suppose that the reader is acquainted with 
the causes of these phenomena, an explanation of which 
may be found in every elementary work on astronomy. 
When the centre of the moon therefore, at the time of a 
total eclipse, is in the rational horizon, the centre of the 
sun ought to be in the opposite point ; but by the effect 
of refraction these points are raised 33 minutes above the 
horizon. The apparent semi-diameter of the sun and 
moon being only about 15 minutes; the lower limbs of 
both will appear elevated about IS minutes. 

Such is the explanation of a phenomenon which must 
take place at every central eclipse of the moon j for there 
is always some place of the earth where the moon is on the 
horizon at the middle of the eclipse. 

IV. Refraction enables us to explain also a very com- 
mon phenomenon, viz, the apparent elliptical form of the 
sun and moon, when on the horizon ; for the lower limb 
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of the sun corresponding, we shall suppose, with the 
rational horizon, is elevated 33 minutes by the effect of 
refraction; but the upper limb being really elevated 30 
minutes^ (which is nearly the apparent diameter of that 
luminary at its mean distances,) is elevated in appearance 
by refraction no more than 28 minutes aboye its real alti- 
tude ; the vertical diameter therefore will appear shortened 
by the difference between 33 and 28, that is to say 5 mi- 
nutes ; for if the refraction of the upper limb were equal 
to that of the lower, the vertical diameter would be neither 
lengthened nor shortened. The apparent vertical diameter 
will thus be reduced to about 28 minutes. 

Bu€ there ought to be no sensible decrease in the hori« 
2ontal diameter ; for the extremities of this diameter are 
carried only a little higher in the two vertical circles pass- 
ing through them, and which, as they meet in the zenith, 
are sensibly parallel. The vertical diameter then being 
contracted, while the horizontal diameter remains the 
same, the result must be, that the disks of the sun and 
moon will apparently have an elliptical form, or appear 
shorter in the vertical direction than in the horizontaK 

V. There is always more than one half of the earth en- 
lightened by a central illumination ; that is to say by an 
illumination, the centre of which is visible } for if there 
were no refraction, the centre of the sun would not be seen 
till it corresponded with the plane of the rational horizon ; 
but as the refraction raises it about^33 minutes, it will.begin 
to appear when it is in the plane of a circle parallel to the. 
rational horizon, and 33 minutes below it. * . 

There is therefore a central illumination for the whole 
hemisphere, plus the zone comprehended between that 
hemisphere and a parallel distant from it 33 minutes ; and 
there is a complete illumination from the whole disk of the 
sun to the same hemisphere, and the zone comprehended 
between the border, of it, and a parallel about 16 minutes 
farther below the horizon. 
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What Ozanam therefore, or his continuator, endeavours 
to demonstrate, aft^r Deschales, with so much labour and 
tediousness, (see Recreations Mathématiques^ vol. ii. p. 277 
edit, of 1750,) is absolutely false; because no allowance 
is made for refraction. " 

PROBLEM XV. 

To determine y without astronomical tables ^ whether there will 
be an eclipse at any new or full moon given. 

Though the calculation of eclipses, and particularly 
those of the sun, is exceedingly laborious; those which 
took place in any given year of the 1 8th century, that is 
between 1700 and 1801 , may be found, without much dif- 
ficulty, by the following operation. The method of find- 
ing those of the present or 19th century, will be shown in 
the additional remark to this problem. 

For the New Moons. 

Find the complete number of lunations between the new 
moon proposed, and the 8th of January 1701, according 
to the Gregorian calendar, and multiply that number by 
7361 ; to the product add 3S890, and divide the sum by 
48200, without paying any regard to the quotient. If the 
remainder after the division, or the difference between that 
remainder and the divisor, be less than 4060, there will be 
an eclipse, and consequently an eclipse of the sun. 

Example. — It is required to find whether there was an 
eclipse of the sun on the first of April 1764. Between the 
8th January 1701, and the 1st of April 1764, there were 
782 complete lunations ; if this number then be multiplied 
by 7361, the product will be 5756302; to which adding 
83890, we shall have 5790192 ; and this sum divided by 
43200 will leave for remainder 1S92: this number being 
less than 4060, shows that on the 1st of April 1764 there 
was an eclipse of the sun, which was indeed the case ; and 
^is eclipse was annular to a part of Europe, 

▼OL. III. F 
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For the Full^Moons^ 

Find the number of complete lunations between that 
lirbich began on the 8th of January 1701 , and the cot^unc<« 
f ion which precedes the full moon proposed : multiply this 
number by 7961 ; and having added to the product 37326> 
divide the sum by 43200: if the remainder after the divi«» 
sion, or the difference between the remainder and the di* 
visor, be less than 2800^ it will show that an eclipse of the 
moon took place at that time* 

Jj^rawipfe.— Let it be required to find whether there wa* 
an eclipse at the full moon which took place on the iStb 
of December 1769. Between the 8th of January 1 70 1, 
and the 28th of November 1769, the day of the new moon 
jf>receding the 13th of December, there were 852 complete 
lunations : the prod.uct of this number by 756 1 is 627 1 572 ; 
to which if we add 37326, the sum will be 6308898. But 
ibis sum divided by 43200, leaves for remainder 1699, 
irbich being less than 2800, shows that there was an eclipse 
<lf the moon on the i3th of December 1769, a» indeed may 
be seen by the almanacs for that year. 

Rbmabk. — To determine the numbef of lunations^ 
which have elapsed between the 8th January 1701, and 
any proposed day, the following method, which is attend* 
ed with very little difficulty, may be employed. Diminish 
by unity the number of years above 1700, and multiply 
the remainder by 365^; to the product add the number of 
bissextiles between 1700 and the given year, and the result 
will be the number of days from the dth of January 1701 
to the 8th of January of the proposed year. Then add the 
number of days from the 8th of January of the given year 
to the day of the new moon proposed, or to that which 
precedes the full moon proposed ; and having doubled the 
sum, divide it by 59, the quotient will be the number of 
lunations required» 

Let us propose, by way of example, the 19 th of De^ 



l^etnber 1769, the day of full moon. The preceding new. 
moon fell on the 28tb of Novemben If 69 be diminuhed 
by unity, the remainder is 68 j which tnultipUed by 365^ 
gives S4820. As in tliat interval there were 17 bissextiles, 
we must add 17, which will give 24837» Lastly, the num« 
ber of days from January 8th to November 98th 1769 was 
909, whii:h added to the above stim make 25146. This 
number doubled is 50292 ; which divided by 5y, gives for 
quotient 85f . The number of complete lunations there- 
fore, between the 8tb of January 1701 and the full mooa 
December ISth 1769, was 858. ^ 

Additional BEMABK. — This easy method of finding 
eclipses was invented by M. de la Hire, a celebrated 
French astronomer ; but as it will requii'e some alteratioa 
to make it answer for the present century, we shall first 
explain the principles on which it is founded, and theu' 
show how this alteration is to be made. 

Isti In regard to the full moons, we shall suppose that 
the sun is at present in the ascending node, and the moon 
in the descending : the former during the period of a lu- 
nation will move from his node 30 degrees 40 minutes 1^ 
seconds^ which expressed in quarters of a minute are equal 
to 7361. Hence M. de la Hire multiplies this number by 
that of the complete lunations, between the new moon on 
the 8th of January 1701, and the full moon proposed ; and 
the product necessarily gives all the movements which jth0 
son has made during that time^ to recede from the one node 
and to approach the other. 

2d. The sun at the time of the full moon in the month o( 
January 1701, was distant from his node 155 degrees 31 
minutes 30 seconds, which expressed in quarters of a ïïA* 
nute, give 37326 : hence according to M. de la Hire this 
number must be added to the product of 736) multiplied 
by the lunations. 

3d. The two nodes of the lunar orbit are distant from 
tach other 180 degrees^ or 10800 minutes; which nPLultv* 

f2 
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plied by 4, give 43200 : the distance therefore of the otm 
node from the other is represented by 43200. 

4th. To obtain the true distance of the sun from the 
node, 43200 must be subtracted from the sum mentioned 
in the example, viz 6308898, as many times as possible; 
and hence, according to M. de la Hire, this sum must be 
divided by 43200, neglecting the quotient. 

5th* The remainder after the last division gives the tme 
distance of the sun from his node, which we have hitherto 
supposed to be the ascending node; that is, the node by 
which the moon passes from the southern to the northern 
side of the ecliptic. If this remainder does not exceed 
2800, there will be an eclipse, or at least it will be possiMe; 
because the sun will not be distant from his node 11 de» 
grees 40 minutes. For 1 1 degrees 40 minutes are equal 
to 700 minutes ; and 700 minutes multiplied by 4, give 
2800 quarters of a minute. 

6th. There may be an eclipse though the remainder after 
the last division exceeds 2800 ; but in that case the differ» 
ence between this remainder and the divisor will be less 
than 2800. The reason of this is, that the sun is necessarily 
distant from one of the two nodes less than 1 1 degrees 40 
minutes. The one node indeed being distant from the 
other only 43200 quarters of a minute, and as the sun can- 
not recede from the one node without approaching the 
other, if the difference between the remainder after the 
division, and the divisor 48200, does not exceed 2800, there 
will necessarily be one of the nodes from which the suu 
will not be distant 11 degrees 40 minutes. 

But it may here be objected, as the sun during the time^ 
of a lunation does not pass over 30 degrees of the ecliptic 
from west to east, why have we asserted that if he be at 
present in the ascending node, he will remove from it in 
the course of a lunation, 30 degrees 40 minutes 15 se» 
conds Î 
This objection will not appear of much consequence» 
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bot to those who imagine that the nodes which the lunar 
orbit forms with the solar are fixed and immoveable. This 
is not the case ; these nodes have a periodical motion, that 
is, they pass through the 12 signs of the zodiac in the course 
of. almost 19 years, not from west to east, as the sun, but 
from east to west : at the end of a lunation then the sun 
must be 80 degrees 40 minutes 15 seconds distant from the 
node he has quitted ; because he not only moves from his 
node, but his node moves from him. 

In regard to new moons, the only difference in the 
operation is, that 33890 is added to the product of the 
lunations by 7361, instead of 37326. At the time of the 
new moon in January 1701, the sun was distant from his 
node 141 degrees 12 minutes SO seconds $ which expressed 
in quarters of a minute are equal to 83890. For an eclipse 
of die sun therefore, 33890 must be added to the product 
of the lunations by 736 1 • 

It is to be observed also, that for solar eclipses, the re- 
mainder must be less than 4060; which represenU the 
quarters of a minute contained in J 6 degrees 55 minutes. 
A solar eclipse indeed is not impossible but when the sun 
and moon are at^a greater distance from their nodes than 
16 degrees 56 mijiutes: the remainder and divisor there- 
fore must not be compared with 2800, as for eclipses of the 
moon, but with 4060. 

To apply the above rules to the present century. 

It is evident from what has been said, that to find, by 
the above method, the eclipses of the sun and moon in the 
present century, nothing will be necessary but to substi- 
tute, for the sun's distance from the node at the time of 
the new and full moon in the month of January 1701, the 
same distance at the time of the new and full moon in the 
month of January 1801, and to count the lunations between 
the new moon in January 1801, that is the 14th, and the 
time proposed. But the sun's distance from the node at 
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tlie time of the new moon on the Hth day of January 1801^ 
was IZSC"" 56' 44", and his distance from the node at the 
time of the full moon on the 29th of January 1801 was 
€97* iy 11". The former of these reduced to quarters of 
a minute gives 67427> and the latter reduced in the same 
mantlet gives 71 341, 

Example Ist.*— Let,it be required to find whether there 
will be an eclipse at the full moon on the I8th of March 
1802* Between the 14th of January 1801 and the 3d of 
March 1802, the day of the new moon preceding the 18th 
of March, there will be 14 complete lunations. The pro- 
duct of this number by 7361 is 103054, to which if we add 
71341, the sum will be 174395. But this sum divided by 
4320Q, leaves for remainder 1595 : which, being less than 
2800, shows that there will be an eclipse of the moon oi| 
Iflie 18th of March 1802. * 

Example 2d. — It is required to find whether there will 
jbe an eclipse of the sun on the 9d of March 1802. Be- 
tween the 14th of January 1801 and the 3d of March 1802^ 
there will be 14 complete lunations ; if this number be 
multiplied by 7361, the product will be 103054, to which 
adding 67427, we shall have 170481 ; and this sum divided 
by 43200, will leave for remainder 40881 : this number is 
not less than 4060, but its difference from 43S00, which is 
2319, is less than 4060 ; we may conclude therefore that 
there will be an eclipse of the sun on the 3d of March 1802* 

PROBLEM XVI. 

CoHsimciim of a machine which indicates the new and JvU 
moons; with the eclipses that haoe happened^ or that will 
happen^ during a certain period of time. 

This ingenious machine, which deserves a place in the 
fcabinet of the Astronomer, was invented by M. de la Hire. 
It consbts of three circular pieces of copper, wood or 
pasteboard, and an index (pi. 3 fig. 9), which all turn 
.around a common centre^ Towards the edge of t)ie upper 



pleee, winch is the least, there are two circular bands, coiw 
taining small apertures ; the exterior ones of which exhibit 
tbe new moons, with the image of the sun, and the interior 
ones the full moons, with the image of the moon. 

The edge of this circular piece is divided into 12 lanar 
months I each consisting of 29 days 12 hours 44 minutes; 
but in such a manner, that the end of the twelfth month, 
which forms tbe commencement of the second lunar year^ 
fiirpasses the first new moon^'of the second, by 4 of the 179 
divisions marked on the second circular piece, placed be^ 
tween the other two. 

The edge of this piece is furnished with an index, one 
of the sides of which forms part of a right line, that tends 
to the centre of the machine ; and which passes also through 
the middle of one of the external apertures, that shows the 
first new moon of the lunar year. The diameter of each 
of these a|>ertures is equal to about 4 degrees. 

The edge of the second circular piece is divided into 179 
equal parts, corresponding to as many lunar years, each 
consisting of 354 days and about 9 hours. The first year 
begins at the number 179, where the last ends. 

The complete years are each marked with the figuries 
1, 2, 3, 4, &c, placed at every four divisions ; and go four 
times round, to make up the number 179, as seen in the 
figure. Each lunar year comprehends four of these divi« 
sions ; so that in this figure they anticipate one over the 
other four of the 179 divisions of the edge. 

On the same circular piece, and below the apertures of 
the former, there are spaces, coloured black, at the two 
extremities of the same diameter, which correspond to the 
external apertures; and which indicate the eclipses of 
the &un : other spaces coloured red, correspond to the in- 
ternal apertures, and indicate the eclipses of the moon. 
The quantity of each colour, which appears .^lirough the 
openings, shows the extent of the eclipse. The middle 
^ween the two colours, which is the place of the moon's^ 
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EPOCHS OF THE LUNAR TEARS» 

Corresponding to the Civil Fears, for the Meridian of 

London. 



Lunar 
years. 

179 


Ciril 
yeara. 

1680 B . 


Months. 

February i 


29 


H. M. 
4 44 


1 


1681 


February , 


17 


13 33 


2 


1682 


February 


6 


22 21 


10 


1689 


Noveoiber , 


11 


20 50 


20 


1699 


July 


£6 


12 57 


SO 


1709 


April 


9 


5 S 


40 


1718 


December . 


21 


21 10 


50 


1728 B , 


September . 


3 


13 15 


60 


1738 


May 


18 


5 21 


70 


1748 B . 


January 


29 


21 27 


80 


1757 


October 


12 


13 35 


90 


1767 


June 


26 


5 40 


100 


1777 


March • 


8 


21 46 


101 


1778 


February , 


26 


6 34 


102 


1779 


February , 


25 


15 22 


103 


1780 B . 


February • 


4 


10 


104 


1781 


January 


24 


8 58 


105 


1782 


January 


13 


17 46 


106 


1783 


January 


3 


2 34 


107 


1783 


, December . 


23 


11 22 


108 


1784 B , 


December , 


11 


20 10 


109 


1785 


December « 


1 


4 59 


110 


1786 


November < 


21 


13 47 


111 


1787 


November . 


10 


22 35 


112 


1788 B . 


October 


30 


7 24 


113 


1789 


October 


19 


16 12 


114 


1790 ' . 


October 


9 


1 


114 


1791 


September . 


28 


9 43 


120 


1796 B , 


August . 


3 


5 59 


130 


1806 


April 


16 


22 5 
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140 
150 

leo 

170 

1 



Civil 
yean. 

1Ô15 . December 



1825 . September 

1835 . May 

1845 - . February 

1854 . October 



Monthf. D. It. M. 

£9 14 12 

11 5 28 

25 22 24 

5 14 31 

20 6 37 



Method of making the divisions on the circular pieces qftht 

instrument. 

The circle of the largest piece is divided in such a man» 
n&Cf that 368 degrees 2 minutes 42 seconds comprehend 
354 days and somewhat less than 9 hours ; hence it follows^ 
that this circle ought to contain 346 days, and 15 hours, 
which may be assumed without any sensible error as two 
thirds of a day. But to divide a circle into 346 parts and 
two thirds, reduce the whole into thirds, which in this case 
make 1040 thirds, and then find the greatest multiple of S 
that can be easily halved, and is contained in 1040. This 
number will be found in the double geometrical progres- 
sion, the first or least term of which is 3 ; as for example 
3, 6, 12, 24, 48, 96j 192, 384, 768. 

The ninth number of this progression, viz 768, is the 
one required : subtract this number from 1040; and by. 
the rule of three, find the number of degrees minutes and 
seconds contained in the remainder 272, by saying, as 1040 
thirds : 860 degrees : : 272 thirds : j)4 degrees 9 minutes 
23 seconds. 

Then cut off from this circle an angle of 94** 9^ 23", and 
divide the rest of the circle always into halves. When 
eight sub-divisions have been made, you will come to the 
namber 3, which will be the arc of one day ; and if the arc 
of 94?° 9' 23" be divided by this also, the whole circle will 
be divided into 346 days and two thirds ; for there will be 
256 days in the larger arc, and 90 days two thirds in the 
other. Each of these spaces will correspond to V 2f 18", 
as may be seen by dividing 360 by 346|-, and 10 days cor- 
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respond to 10^ 2S\ By these means a table for dividing 
this circular piece might be formed. 

These days must afterwards be distributed to each of the 
months of the year, according to the number which belongs 
to them, beginning with March, and continuing to tfie 
fifteenth hour of the tenth of February, which corresponds 
to the commencement of March ; and the remainder of the 
month of February passes beyond and above. 

The circle of the second plate must be divided into l79 
equal parts. For this purpose, find the greatest number 
that can always be halved to unity, and which is contained 
in 179. This number is 128, which taken from 179, leaves 
for remainder 51. Then find, by the rule of three, what 
part of the circumference is equal to this remainder, by 
saying, as 179 : 360 degrees : Li» I parts : 102 degrees 34 
minutes 1 1 seconds. ^ 

Having cut ofiF from the circle an arc of 102^ 34' 1 1% 
divide the remainder always into halves, and after seven 
sub-divisions you will com^ to unity. This part of the 
circle therefore will be divided into 128 equal parts : then 
with the same aperture of the compasses, divide the re- 
maining arc into 51 parts; and the whole circle will be 
divided into 179 equal parts, each corresponding to 2 de- 
grees and 40 seconds, as may be easily seen by dividing 
360 by 179. 

In the last place, to divide the circle of the upper plate, 
take the fourth of its circumference, and add to it one of 
the 179 parts or divisions of the edge of the middle plate : 
if the compasses, with an aperture equal to the fourth thus 
increased, be then made to turn four times, it will divide 
the circle in the manner in which it ought to be ; since by 
subdividing each of these quarters into three equal parts^ 
we shall have 12 spaces for the 12 lunar months ; so that 
the end of the twelfth month, which forms the commence» 
ment of the twelfth lunar year, surpasses the first new 
moon by 4 of the 179 divisions marked on the middle 
plgle. 
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The method of using this machine is contained in the 
following problem. 

PROBLEM XVII. 

A hmar year being given; to Jind, by means of the precedr 
ing machine i the days of the solar year corresponding to 
U; and on which there wiU be new or JvU moon, or an 
ed^^ of the sun or moon. 

Let the proposed lunar year be the 101st in the table of 
epochs, which corresponds to the division of the middle 
circttlar plate marked 101. Bring the edge' of the index 
<tf the upper plate to the division marked 101 of the middle 
plate, where the commencement of the 101st lunar year 
fidb; and as this commencement took place, according to 
the.table of epochs, on the 26th February 1778, at 6 hours 
34 minutes, turn both the upper plates together in that 
state, till the edge of the index, attached to the upper 
plate, corresponds to the 6th hour, or a little more than 
the fourth of the 26tb of February marked on the lower 
plate, at which time the first new moon of the proposed 
lunar year happened. 

Then, without altering the situation of the three plates, 
extend a threap from the centre of the instrument, or turn 
the moveable index, till it pass through the middle of the 
aperture of the first full moon: the edge of the index will 
then correspond to the middle of the 13th of March, which 
ought to be the time of full moon, within a few hours ; 
and as the aperture of this full moon does not present a 
led colour, there was no eclipse of the moon. 

To find what took place at the following lull moon, 
add to the new moon of the epoch 29 days 12 hours 44 
minutes, and you will have the time of new moon on the 
ÎIth of March, at 19 hours 16 minutes; and by perform- 
ii^ the same operation, it will be found that there was no 
eclipse either at that new moon, or at the full moon fol- 
lowing. 
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But, proceeding in this progressive manner, you will 
come to the new moon of November, which took place on 
the 19th of that month, at 1 hour, 8 minutes; then per-» 
forming the same operation, you will find the full moon 
following on the 3d of November, at about 8 in the even- 
ing, and it will be seen that there was a partial eclipse, the 
aperture of the full moon being in that part filled with the 
red colour. 

The eclipses of the sun will be found in like manner: 
they will be indicated by the black colour which will pre« 
sent itself at the aperture of the new moons. 

On the 24th of June 1178, for example, new moon took 
place at 19 hours 8 minutes, or 8 minutes past 1 in the 
evening $ and as the aperture of this new moon will be in 
part occupied by the black colour which is below, we may 
Conclude that there wj^ a partial eclipse of the sun on the 
24th June 1778 in the evening: which was indeed the case* 

By such a machine however, it is not possible, as may 
be readily conceited, to determine the exact hour and 
minute of an eclipse or of a lunation. It is enough, if it 
indicates whether a conjunction or opposition takes place 
in the ecliptic ; the rest must be determined by calculation^ 
for which precepts may be found in all works that treat 
expressly on this subject. 

To gratify the curiosity of the reader, we shall here 
give a table of the eclipses, both of the sun and moon, 
which will take place in the course of the present century; 
with the different circumstances attending them, such as 
the time of the middle of the eclipse, and its extent; and^ 
in regard to eclipses of the moon, how many digits will be 
eclipsed, &c« 

We must however observe, that as this table is extracted 
from an immense labour*, undertaken for another purpose, 

* This labour is a table of the solar and lunar eclipses since tb« com* 
mencement of the Christian ara, to the year 1900, inserted in PAri de vM» 
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perfect exactness must not be expected, either in extent 
or time, and particularly in regard to the eclipses of the 
BUD, since it is well known that a solar eclipse, on account 
of the moon's parallax, varies in quantity according to the 
place of the earth ; that an eclipse, for example, which is 
central and total to the regions of the southern hemisphere, 
may be only partial and small to the northern. The 
author therefore, to whom we allude, was satisfied with 
indicating, rather than calculating, these ecHpses; and 
left the more exact determinations to astronomers. 

To render this table however more generally useful, we 

shall add the following explanation* The hour marked 

indicates the middle of the eclipse in true time ; (- signifies 

one half, I- one fourth of an hour, morn, morning, aft. 

afternoon* The quantity of the eclipse is expressed in 

digits and divisions of a digit. A digit is one twelfth part 

of the diameter of the luminary eclipsed. Six digits are 

equal to one half of the disc ; four digits to one third, tu;. 

When an eclipse is marked digits, the meaning is that it 

is less than a quarter, or ^ of a digit. When the moon is 

within a minute of a degree or less of the centre, the eclipse 

b marked central; when within two minutes, almost 

central. The duration of eclipses is nearly proportioned 

to their greatness; a total lunar eclipse will continue at 

kast 34 hours, and at most four hours and some minutes ; 

a partial eclipse, which exceeds six digits, may continue 

2^ or 9} hours } eclipses of between 3 and 6 digits, are of 

two or three hours' duration ; those of two digits will last 

about If hours i those of 1 digit, about 1 hour ; and those 

off digit, about ^ of an hour* The time therefore of the 

middle of an eclipse, and its duration being given, its 

beginning and end may be nearly ascertained by the 

following rule, viz: subtract its semi-^luration from the 

tioBie given, and the remainder will be the hour of the 

MlaDateSf by the Âbbé Pingre, « celebrated astronomer, and member of 
the Royal Acftdemy of Sciences. 
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banning ; add the same quantity, and the sum will be 
the time of the end. A lunar eclipse must begin and end 
every where at the same time ; with this difference, that 
so many hours must be added or subtracted as the one 
place is to the eastward or westward of the oth^r. Thus, 
an eclipse that begins about 4^ hours p.m. at Greenwich 
observatory, will begin about 12 p.m. at Pekin, as the latter 
is 7 hours 46 minutes eastward of the former. 

In regard to solar eclipses, they are dated from the time 
of the conjunction of the sun and moon. Though this 
date be sensibly different from that of the middle of the 
eclipse; yet this difference will never amount to two 
hours, and may be nearly found by the following rules : 
1st. In the morning a solar eclipse must always happea 
sooner, and in the evening later, than the time of the con- 
junction. 2d. The nearer the sun is to the horizon, the 
more sensible will be the difference. Sd. The acceleration 
in the morning will be great in proportion to the elevatioa 
of the sun at mid^day, three months before, and the re* 
tardation in the evening will be great in proportion to the 
sun's elevation, three months after the time proposed. It 
thence follows, 1st. That the difference must be greatest 
in the torrid zone; and 2d. That the greatest diâerence io 
the other latitudes must happen in the evening of the 
vernal, and in the morning of the autumnal equinox; for 
the greatest meridian altitudes are observed three months 
before and after these seasons. 

The parts of the world where the eclipse is visible, are 
marked. If there be no limitation, the whole or the 
greater part of Europe or Asia must be understood. 
Particular divisions of these quarters are denoted by the 
letters e. w. n. and s. that is East, West, &c. When an 
eclipse is said to be visible in e. or w. of Europe, &09;the 
meaning is, that it is visible in all the parts of the region 
specified, where the sun is sufficiently elevated above the 
horizon at the time of conjunction. When it is marked as 
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vkttde N.'or s. of any particular region, all places in ev^ry 
other direction are excluded. The terms small and great 
for the moist part refer to the eclipses, and not to the places 
where they are visible, l^e latitude of those places is 
marked in which an eclipse is central. South latitude is 
indicated by the letter s. and north latitude by n. which 
is ' frequently omitted. An 0, or cypher, denotes north 
latitude. 

?The coarse of a central eclipse is ofttimes pointed out 
by three numbers. The first and third show the latitude 
in which the eclipse is central in the planes of the 5th and 
155th meridians; the second, included in crotchets, gives 
the latitude in which it is central at mid-day. The place 
where an eclipse is central at mid-day, may be easily 
found, when the time of the true conjunction at Paris is 
known. The interval between the true conjunction as 
given, and mid-day, nearly shows how many hours and 
minutes the required place is east or west of the meridian 
of Paris. 

It is to be observed also, that the limits of eclipses are 
fixed to be the tropic of Cancer in Africa, and the northern 
extremity of Lapland ; and from 5^ to 6^ n. lat. in Asia to 
the Pokr circle. In longitude, the limits are the 5th and 
the 155th meridians, supposing the 20th to pass through 



The first and third numbers above mentioned, do not 
always express the latitude, under the 5th and 155th 
meridians. Sometimes an eclipse begins before the sun 
has risen upon the former, and ends after it has gone down 
on the.latter meridian. In these cases, the first number 
denotes the latitude in which the eclipse is central at sun- 
rising; and the next the latitude in which it is central at 
•an-set« . The niimber included in crotchets is omitted 
when there is no meridian within the limits prescribed, 
under which the time of mid-day coincides with the middle 
of the eclipse. It is to be observed also, that a number is 

VOL. 111. G 
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ûàtùetimeË tdded to pmnt out the increase or decrease of 
Un eélipse, 

A single character or nnmber indicates the latitude in 
%hich an eclipse is central in Ekirope or Africa at sun-set ; 
and towards the eastern extremity of Asia at sun-rising. 
An asterisk * denotes that the course of a central eclipse 
extends many degrees beyond the equator. A dagger f 
indicates that its course is beyond the pole ; and the ez« 
bess is sometimes added to ^. Thus 94 intimées that 
the eclipse referred to is central 4* beyond the pole. Tïm 
Ingn + affixed to pen, is used to express that the penumbra 
is deep or strong. 

An ecKpse is visible from 32^ to 64!" north ; and as far 
south of the place where it is central. 

Table of Ed^seSf from the beginning to the end of the 

present Century. 

1801. Ecfipse of the moon, total, March dOth. 5f mom. 
cent. Of the sun, April 13th. 4t morn. Europe. 
N.s. Asia, N. dim. from w. to b. Of the sun, Sep- 
tember 8th. 6 mom. Asia n.e. small. Of the 
moon, total, September 22d. 7f morn* 

1802. Of the moon, March 19th. 11} morn. 5 dig. Of 
the sun, August 28th. 7^ morn. Eur. Afr. Asia» 
cent. 69 (59) 23 an. Of the moon partial, Septem- 
ber 1 1 th. 1 1 aft. 9 digits. 

180S. Of the sun, August 17tb. S^ morn, great part of 
Eur. s. Afr. Asia, s. cent. 26 (12) ♦ an. 

1804. Of the moon partial, January 26tb. 9^ aft. Of the 
sun, February Uth. 11* morn. Eur. Afr. Asia, w. 
cent. 25 (22) 64. Of the moon partial, July 22d. 
51 aft. 10|dig. 

1805. Of the moon total, January 15th. 9 morn. Of the 
sun, June 26th. 1 1 aft. part of Asia n.e. Of the 
moon total, July Uth. 9 aft. 

1806. Of the moon partial, January 5th. mom. ft dig. 
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or tlwsim, June 16tb. 4 aft. Ear. Afir. w. cent. 

81-16 tot. Of the moon partial, June dOtb. 10 

aft. pen. Of the sun, December lOih. 2| moni» 

small. Am, s.b. 
D7« Of tte moon partial, May 2l9t. $1 aft. 1) dig. Of 

tbe sun, June 6tb. 5t morn, small, Asia s.£. Of 

tbe moon partial , November 15tb. 8i morn. 3 dig. 

Of the sun, November 29tb. merid. all Eur. Afr. 

Asia, V. cent. 18 (13) 9— 25. 
08. Of tbe moon total, May lOtb. 8 mom. Of the 

moon total, November 8d. 9 morn. Of the sua^ 

November IStb. 3 morn, great part of Asia n. incr. 

from w. to s. 
D9. Of the moon partial, April 30th. 1 mom. 10 dig. 

Of the moon partial, October 23d. 9i mom* 9| dig. 

10. Of the sun, April 4tb. 2 morn. Asia, s.b. cent. **^ 
10 an. 

11. Of the moon partial, March 10th. 6| mom. 5 dig« 
Of the moon partial, September 2d. 1 1 aft. 7 dig. 

1^ Of the moon total, Fdbruary 27th. 6 mora, almost 

cent. Of tbe moon total, August 22d. S aft. 
13. Of tiie sun, February 1st. 9 morn. Eur. Afr. Asia^ 

cent. 32 - 24 (26) SS an. Of the moon partial, 

February 15th. 9 morn. 7i dig. Of the moon partial^ ^ 

August 12th. 3j- morn. 4} dig. 
114. Of tbe sun, January 21st. 2} aft. Eur. 8.K. Afr. 

cent. * 10 an. Of the sun, July l7th. 7 morn. Eur. 

s. Afr. B. Asia, s. cent. 14-33 (31) 5 tot. Of the 

noon partial, December 26th. 1 1| aft. 6 dig. 
ns. Of the moon total, June 2l8t. 6i aft. 12|. dig. Of 

the sun, July 7th. morn. Eur. and Asia, k. cent. 

€2 1 tot. Of the moon partial, December 16th, l|. 

aft. 
^16. Of the moon total, June 10th. 1} mom. Of the 

san, November 19th. lOè morn. Eur. Air, Asia^ 

62 



84 ASTBONOMT AND 6EOOBAPHY. 

w, cent. 59 (38) 33 - 37 tot. Of the moo» partial, 
December 4th. 9 aft. 7^ dig. 

1817. Of the sun, May 16th, 7 morn. Asia, Sr cent. * 
(7) 12—7 an. Of the moon partial, May 3d. 3| 
aft. pen. +. Of the sun, November 9th« 2) morn. 
Asia, E. cent. 26 — 5 8. tot. 

1818. Of the moon partial, April 21st. 0} morn. 5^ dig. 
Of the stin, May 5th. 7i mom. Eur. Afr. Asia, 
cent. 13 (51) 60-53 an. Of the moon partial, 
October I4th. 6 morn. 2 dig. 

1819. Of the moon total, April 10th. 1} aft. Of the sun, 
■■■' April 24th. merid. n. of Eur. and of Asia, dim, 

from w. to £. Of the sun, September 19th. 1 aft. 
Eur. N.E. small. Of the moon total, October 3d. 
3J aft. 

1820. Of the moon partial, March 29th. 7 aft. 6 dig. Of 
the sun, September 7th. 2 aft. Eur. Afr. Asia, w. 
cent. 62—29 an. Of the moon partial, September 

.22d. 7 mom. 10 dig. 

1821. Of the sun, March 4th. 6 morn. Asia, s.e. cent.* 
(7 s.) 24 tot. 

1822.. Of the moon partial, February 6th. 5| morn. 4) 
dig. Of the moon partial, Aug. 3d. 0^ morn. 9 . 
dig.. 

1823. Of the moon total, January 26th. 5^ aft. Of the 
sun, February 11th. S morn, great part of Asia n. 
small . Of the sun, July 8th. 6^ morn. Eur. and 
Asia, N. Of the moon total, July 23d. Si.morn. 

1824. Of the moon partial, January 16th. 9 morn. 9 dig. 
Of the sun, June 26th. 11} aft. Asia, e. .ce«t. 
27 — 41 tot. Of the moon partial, July 11th. 4J 
morn. 1 dig. .Of the sun, December 20th. 11 mora. 
Indies, s. small. 

1825. Of the moon partial, June 1st. 0} morn. Of the 
9un,. June 16th. OJ aft. .Atr. small cent. *(0)».. 
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' Of the taoon partial, November 25tL 4| aft. 2} 
dig. 

-1S£6. Of the moon total, May 21st. 3} aft. Of the moon 
total, November 14tb. 4) aft. Of the sun, Novem- 
ber 29th. Ill morn. Eur. Afr. Asia, w. 

1827. Of the sun, April 26th. 3} morn. Eur. n.e. Asia, 
K. cent. 49 (81) 84 an. Of the moon partial. May 
11th. 8|. morn. 11^ dig. Of the moon partial, 
November 3d. 5 aft. 10 dig. 

1828« Of the ïun, April 14th. 9 J- morn, small part of Cur. 
s.s. Afr. Asia, cent. 2 s. (18) 29-26. Of the sun, 
October 9th. 0| morn. Asia s.e. cent. 7 * an. 

1829.. Of the moon partial, March 20tb. 2 aft. 4 dig. Of 
the moon partial, September 13th. 7 morn. 5| dig. 
Of the sun, September 28th. 2| morn. Asia, £. 
eeat. 59— 40 an. 

1830. Of the sun, February 23d. 5 mora. Asia, n. ditn. 
from w. to B. Of the moon total, March 9th. 2 

' aft. Of the moon total, September 2d. 1 1 aft. cent. 

1831. Of the moon partial, February 26th. 5 aft. 8 dig. 
Of the moon partial, August 23d. 10| morn. 6 dig. 

1832. Of the sun, July 27th. 2^ aft. Eur. s. Afr. Asia, 
S.E. cent. 23 N. 3 s. tot. 

1833. Of the mo(»i partial^ January 6th. 8 morn. 5|- dig. 
Of the moon partial, July 2d. 1 morn. 10^ dig. Of 
the sun, July l7th. 7 morn. Eur. Afr. e. Asia n. 
cent. 83 (80) 73 tot. Of the moon total, December 

. 26th. 10 aft. 

1SS4.. Of the moon total, June 2l8t. 8) morn. Of the 
moon partial, December 16tb. 5^ morn. 8 dig. 

1S3S. Of the sun. May 27th. 1^ aft. small part of Eur. 
Afr. Asia, s.w. cent. 7 — 8—3 s. an. Of the moon 
partial, June 10th. ir aft. OJ dig. Of the san, 
November 20th. 1 1 morn, small part of Eur. s.w. 
Afr. small part of Asia, s.w. cent. 4 (1 1 s.) * tot. 
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I8S6. Of tbe moon partial. May Ist. 8^ mom. 4| dig. 
Of the sun. May 15tb. 2^ aft. Eur. Afr. Asia, w. 
cent. 53 — 54«— 44 an. Of the moon partial^ Oc- 
tober 24th. 1| aft. i^ dig. 

1837. Of the moon total, April 20th. 9 aft. Of the sun. 
May 4th. 7^ aft. small part of Eur. n. great part 
of Asia, N. E. Of the moon total, October 13th. 
Hi aft. 

1838. Of the moon partial, April 10th. 2j. mom. 7 dig. 
Of the moon partial, October 3d. 3 aft. 0| dig. 

1639. Of the sun. March 15th. 2i aft. Eur., s. Afr. 

Asia, s. w. cent. 17 — 26 tot. Of tbe sun, 8eptem- 

ber 7th lOj aft. extrem. of Asia, s. cent. 87. an* 
184a Of tbe moon partial, February l7tb. 2 aft. 4j. dig. 

Of the sun, March 4tb. 4 morn. cent. 16 (37) 48. 

Of the moon partial, August 13th. 7t morn. 7idig. 

1841. Of the moon total, February 6tb. Sf mom. Of tbe 
sun, February 21st. 11 morn, almost all Eur. n* 
Asia, N.w. dim. from w. to b. Of the sun, July 
IBtb. 2 aft. great part of Eur. m.e. Asia, k.w. incf. 
from w.to £• Of the moon total, August 2d. 10 
mora. 

1842. Of the moon partial, January 26th. 6 aft. 9 dig. 
Of the sun, July 8th. 7 morn. Eur. Afr. Asia, cent. 
35-50 (49) 21 tot. Of the moon partial, July 
22d. 11 mora. 3 dig. 

1843* Of the moon partial, June 12th. 8 morn. pen. Of 
the moon partial, December 7th. 0) mora. 2^ dig. 
Of the sun, December 21st. 5t mora. Alia,, oeat. 
25(8)21 tot. 

1844. Of the moon total. May 3 1st 11| aft» Of ibe 
moon total, November 25th. Of morn. 

1845. Of tbe sun. May 6tb. 10} mora, almost all Eur. 
N.w. Asia, N.w. cent. 90 (98) f an. Of the moon 
total. May 21st. 4# aft. 121- dig. Of the moon 
partial, November 14th. 1 morn. 10} dig. 
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1946. Qf the sun, April 25tb. ai aft. Eur, and Afr. w. 
cent. 2g . - 26. Of the sun, October 20th. Sf monu 
Eur. 8.W. Afr. Asia, s. w. cent. (18 s.) * an. 

If47* Of the moon partial, March 31st. 9f aft. 2| dig. 
Of the sun, September £itb. 3 aft. if dig. Of the 
sun, October 9th. 9) morn. Eur. Afr. Asia, cent. 
58 (3i; 16- 17 an. 

iSM. Of the moon total, March 19th. 9t aft. Of the 
moon total, September 13th. 6f morn. Of the 
sun, September 27th. 10 morn. Eur. kjs. Asia, N. 

iM9. Of the sun, February 23d. If morn. Asia, £. cent. 
S 1 —88—32 an. Of the moon partial, March 9th« 
1 fnorn. 8f dig. Of the moon partial, September 
«d. 5i aft. 7. dig. 

lUO. Of the sun, February 12th. 6} morn. Asia, s.b. 
cent. * (11 s.) 17 n. an. Of the sun, August 7th. 
10 aft. extrem. of Asia, £. cent. 14 tot. 

1851. Of the moon partial, January I7th. 5 aft. 5f dig. 
Of the moon partial, July 13th. 7} morn. 8f dig. 
Of the sun, July 28th. 2^- aft. Eur. Afr. Asia, w. 
cent. 70—39 tot 

1852. Of the moon totals January 7th. 6f mom. Of 
the moon total, July 1st. 3| aft. Of the sun, De* 
cember Uth. 4 morn. Asia, B. cent. 59 (36) 35 tot. 
Of the moon partial, December 26th. 1 aft. 8 dig. 

1853. Of the moon partial, June 21st. 6 morn. 2} dig. 

1854. Of the moon partial, «May 12th. 4 aft. 3 dig. Of 
the moon partial, November 4th. 9t aft. 1 dig. 

1855. Of the moon total. May 2d. 4t morn. Qf the sun. 
May 16th. 2t morn, great part of Asia, n. dim. 
from w. to E. Of the moon total, October 25th. 
8 morn. 

1856. Of the moon partial, April 20th. 9f morn. 8j- dig. 
Of the sun, September 29th. 4 morn. Asia, n. cent. 
84 (67) 66 an. Of the moon partial, October 13th. 
njaft. UJdig. 
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il357. Of the son/ September 18tb. 6 morn. Ear. and 
-Âfr. E. Asia, s. cent. 40 (12) 1^ s.an. 

1858. Of the moon partial, February 27th. 10^ aft. 4 dig. 
Of the sun, March 15th. Of; aft. Eur. Afr. Asia, w. 
cent. X40) 68. Of the moon partial, August 24th. 
£taft.5tdig. . 

1859. Of the moon total, February I7th. 11 morn. Of 
the sun, July 29th. 9| aft. small, Asia, N.B. Of the 
moon total, August 13th. 4i aft. 

1860. Of the moon partial, February 7th. 2^ morn. 9} 
dig. Of the sun*, July 18th. 2 aft. Eur. Afr. Asia, 
w. cent. 49 — 16 tot. Of the moon partial, August 
1st. Si aft. 4| dig. 

1861. Of the sun, January lltb. 3è morn, small, Asia, 
s.w. Of the sun, July 8th. 2 mom. Asia, s.^s. ceift» 
* 9 an. Of the moon partial, December 17th. 8 J. 
morn. 2 dig. Of the sun, December 31st> 2} aft. 
all Eur. Afr. cent. 17- 36 tot. 

1862. Of the moon total, June 12th. 6-| morn. Of the 
moon total, December 6th. 8 morn. Of the sun, 
December 21st. 5i morn, great part of Asia, n. 

1863. Of the sun, May 17th. 5 aft. great part of Eur. n. 
Of the moon total,. June 2d. morn. Of the moon 

^ partial, November 25th. 9 morn. 1 1 dig. 

1864. Of the sun. May 6th. 0} morn. Asia, s.e. cent. 6 
-23. 

1865. Of the moon partial, April lîth. 5 morn. 1^ dig. 
•*Of the moon partial, October 4th. 11 aft. 8| dig. 

•Of the sun, October lj9th. 5 aft. extrem. of Eur. 
and of Afr. w. cent. 16 an. 

1866. Of the sun, March 16th. 10 aft. small, Asia, n.b. 
Of the moon total, March 3ist. 5 mom. Of the 
moon total, September 24th. 2| aft. Of the suit, 
October 8th. 5^ aft; Eur. w. dim. from n; to s. 

1867. Of the sun, March 6th. 10 morn. Eur. Aft. Asia, 
cent. 31 (45) 69 an. Of the moon partial^ March 
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SOtb. 9 mom. 9^ dig. Of the moon partial, Septem- 
ber 14th. 1 morn. 8 dig. 
108. Of the sun, February 23d. ftf aft. Eur. s. Afr. 

Asift, s.w. cent. 9-*dl. an. Of the sun, August 

18th. 5t morn. Eur. s.e. Afr. Asia, s. cent. 14—18 

(11)0 tot. 
369. Of the moon partial, January 28th. H morn. 5} 

dig. Of the moon partial, July 23d. 2 aft. 6^ dig. 

Of the sun, August 7th. 10 aft. Asia, n.e. cent. 46 

tot. 
870. Of the moon total, January Hth. 3 aft. Of the 

moon total, July 12th. 11 aft. Of the sun. De* 

cember 22d. 0|^ aft. £ur. Afr. Asia, w. cent. (36) 

49 tot. 
mi. Of the moon partial, January 6th. 9t aft. 8 dig. 

Of the sun, June 18th. 2f morn. Asia, s.e. small. 

Of the moon partial, July 2d. If aft. 4 dig. Of 
' the sun, December 12th. 4{- morn. Asia, s. cent. 

17 * tot. 
1872. Of the moon partial, May 22d. 11} aft. Ij dig. Of 

the sun, June 6th. 3} morn. Asia, cent. 8 ("42) 43 

an. Of the moon partial, November 15th. 5i morn. 

Ojdig. 
1813. Of the moon total, May 12th. 11} morn. Of the 

• sun. May 26th. 9} morn, great part of Eur. n.w. 

Afr. w. Asia, n. dim. from w. to e. Of the moon 

total, November 4th. 4} aft. 
1874. Of the moon partial, May 1st, 4| aft. 9i dig. Of 
^ the sun,^ October 10th. 11} morn. Eur. Afr. Asia, 

w. cent. 82 (74) 55 an. Of thé moon partial, Octo* 

ber 25th. 8 morn. 12 dig. 
1815. Of the sun, April 6th. 7 morn. Asia, s.e. cent. ^ 

(l)2rtot. Of the sun, September 29th. 1} aft. 

small part of Eur. s.w. Afr. Asia, s.w. cent. 13 (10) 

13 s. an. 



i 
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1816. OF the moon partial^ March lOtb. 9i morn. Si dig. 
Of the moon partial, September 3d. Si aft. 4 dig. 

1817. Of the moon toul» February 27th. 7i aft. Of the 
sun, March 15th. S^morn. great part of Asia, n* 
dim. from w. to £• Of the sun, August 9th. 5 
morn. Asia, n.e. small. Of the moon total, August 
ZSd, 11} aft. almost cent. 

1878. Of the moon partial, February Hth. 11} morn. 9} 
dig. Of the aun July 29th. 9} aft. extrend. of Asia, 
£. cent. 52 tot. Of the moon partial, August 13th 
0} morn. 6} dig. 

1819. Of the sun, January 22d. merid. small, Asia, s.w. 
cent. * 7 an. Of the sun, July ]9tb. 9 morn. 
Eur. s. Afr. Asia, s.w. cent. 8- 16 (12) ♦ an. Of 
the moon partial, December 28th. 4} aft. 1^ dig. 

Ï880. Of the sun, January 11th. 11 aft. Asia, b. cent. 16 
tot. Of the moon total, June 22d. £ aft. 12 j^ dig. 
Of the moon total, December 16th, 4 aft. Of the 
sun, December 31st. 2 aft. Eur. Afr. dim. from n. 
to s. 

188 1. Of the sun. May 28th. morn. Asia, n. dim. from 
w. to s. Of the moon total, June 12th. 7^ morn. 
Of t^e moon partial, December 5tb. Si aft. 11} 
dig. 

1882. Of the sun. May 17th. 8 morn. Eur. s.s. Afr. Asia, 
cent. 10 (S8) 42—26 tot. Of the sun^ November 
nth. morn. Asia, s.£. cent. 2 * an. 

1883. Of the moon partial, April £Sd. merid. 0|. dig. Qf 
the moon partial, October 16th. 7} morn. 3 dig. 
Of the sun, October Slst. 0} mogro. Asia, £. cent. 
46 an. 

1814» Of the sun, March 27th. 6 morn, small, great part 
of £ur. N.S. dim. in Asia, from w. to e. Of the 
moon total, April 10 merid. Of the moon total, 
October 4th. 10} aft. Of the sun, October 19th. 
I mom. Asia, k. 
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IB8S. Of tb$ moon partial, March SOtb. 5 aft. 10 dig. Of 
the siooB partial, September 84tb. 8| mom. 9 dig. 

1886. Of the sun, August 29tb. 1| aft. extrem. of Eur. 
8,w. Afr. cent. 6 (4) ♦tot. - 

1887. Of the moon partial, February 8th. lOè mom. Si 
dig. Of the mooQ partial, Aug. 3d. 9 aft. 5 dig. 
Of the sun, Aug. 19th. 6 morn. Eur. and Afr. e. 
Asia, cent. 54—62 (64) 89 tot. 

1888. Of the moon total, January 98th. lift aft:. Of the 
moon total, July 23d. 6 morn, almost cent. 

)889. Of the moon partial, January 17th. 5ft morn. 8^ 

dig. Of the moon partial, July 12tb. 9 aft. 5ft dig. 

Of the sun, December 82d. 1 aft. Asia, s.w. cent. 

• 5 tot. 
lÊ9(k Of the moon partial, June Sd. 6 mom. 0} dig. Of 

•the sun, June I7th. 10 mora. Eur. Afr. Asia, cent. 

25 (88) 19 an. Of the moon partial, November 

S6th. 2aft.0f dig. 

1891. Of the moon total, May 23d. 7 aft. Of the sun, 
June 6th. 4ft aft. great part of Eur. N. cent. f. Of 
the moon total, November 16th. 0^ morn. 

1892. Of the moon partial, May 11th. lift aft. llf dig. 
Of the moon total, November 4th. 4ft aft. 12ft dig. 

1893. Of the sun, April 16th. 8 aft. Eur. a. Afr. cent. 20^ 
18 tot. 

1894. Of the moon partial, March 21st. 2ft aft. 8 dig. Of 
the sun, April 6th. 4ft morn. Eur. n.s. Asia, cent 
10 (43) 8. Of the moon partial, September 15th 
47 morn. 2ft dig. Of the sun, September 29th. 5 ft 
morn. Afr. s. small. 

1895* Of the moon total, March 11.4 morn. Of the sun^ 
March 26th« 10 morn, almost all Eur. n.w. Asia, n« 
dim. from w. to s. Of the sun, August 20th. Oft 
aft. Asia, n. small. Of the moon total, September 
4tb.6morn. 

1886. Of thQ moon partial, F^niary 28th. 8 aft. 10 
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Of the sun, August 9th. 4^ morn. Eur. B« Asia,* cent, 

60 ^GB (59) 49 tot. Of the moon partial| August 

23d. 7 morn. 8 dig. 
1897. No eclipses. 
.1898. Of the moon partial, January 8th. OJ mom. 1| dig. 

Of the sun, January 22d. 8 morn. Eur. b. Afr. e. 

all Asia, cent. 1 1 ^'5 (10) 44 tot. Of the moon 

partial, July 3d. 9f aft. 1 1 dig. Of the moon total, 

Decensber 27th. ] 2 aft. 

1899. Of the sun, January 11th. 11 aft. extrem. of Asia/ 
£• dim. from n. to s. Of the sun, June 8th. 7 
morn. Eur. w. and n. Asia, n. Of the moon total, 
June 2Sd. 2i aft. Of the moon partial, December 
17th. li morn. 11^ dig. 

1900. Of the sun, May 28th. 3^ aft. Eur. Afr. cent. 45—^ 
tot. Of the moon partial, Ju^ 13th. 4 morn. pen. 
•f. Of the sun, November 22d. 8 morn, small 
eclipse, in Afr* cent. 3 s.* an. 

PBOBLEM XVIII. 

To observe an Eclipse of the Moon, 

To observe an eclipse 6f the moon, in such a manner a» 
to be useful to geography and astronomy, it will be 
necessary, in the first place, to have a clock or watch that 
indicates seconds, and which }^ou are certain is so well 
<K>nstructed as to go in a uniform manner: it ought tabe 
regulated some days before by means of a meridian, if you 
have one traced out, or by some of the methods employed 
for that purpose, by astronomers ; and you must ascertain 
how much it goes fast or slow in 24 hours ; that the differ- 
ence may be taken into account at the time of the obser- 
vation. 

You ought to be provided ako with a refracting or re- 
flecting, telescope, some feet in length ; for the longer it is^ » 
the more certain you will be of discerning exactly the 
moment ùt the phases of the eclipse ; and, if youare dânfw 
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008 of observing the quantity of the eclipse, it should be 
foniisbed with a micrometer. 

When you find the moment of the eclipse approaching, 
which may be always known either by a common Almanac, 
or the Ephemerides published by the astronomers in differ- 
ent parts of Europe, you must carefully remark the instant 
when the shadow of the earth touches the moon's disk. It 
is necessary here to mention, that there will always be 
^ooie uncertainty on account of the penumbra ; because 
it is not a thick black shadow which covers the moon's 
disk, but an imperfect one, that thickens by degrees. This 
arises -from the sun's disk being gradually occulted from 
the nuM>n ; and hence it is difficult to fix with exactness 
the real limits of the shadow, and the penumbra. Here^ 
as in many other cases, observers are enabled by habit to 
distinguish this boundary; or are at least prevented from 
fisUing into any great error. 

When you are certain that the real shadow has touched 
the moon's disk, the time must be noted down ; that is to 
say, the hour, minute, and second, at which it happened. 

In this manner you must follow the shadow on the 
moon's disk, and remark at what hour, minute, and second 
the shadow reaches the most remarkable spots: all this 
likewise must be noted down. 

If «the eclipse is not total, the shadow, after having 
covered part of the lunar disk, will decrease. You must 
therefore observe in like manner the moment when the 
shadow leaves the difierent spots it before covered, and 
the time when the disk of the moon ceases to be touched 
by the shadow, which will be the end of the eclipse^ 

If the eclipse is total, so that the moon's disk remains 
some time in the shadow, you must note down the time 
when it is totally eclipsed, as well as that when it begins 
to be illuminated, and the moment when the shadow leaves 
the different spots. 

When this is done, if the time of the commencement of 
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die edîpae be sobtraeted from that of tbe end/ the te* 
mainder will be its duration ;. and if balf the doration be 
^ded to Û» time ctf coonneaceinent, the result will be the 



• To fadlitate these operations, Itstrononiers have given 
certain names to most of the spots with which the moon's 
disk b covered. The usual denominations are those of 
Langrenus, who distinguished the greater part of them by 
the names of astronomers and philosophers who were hi» 
contemporaries, or who had âourisbed before bis timeT 
Some others have been since added ; but there was no roosi 
for the most celebrated of the moderns, such as Huygens, 
Descartes, Newton, and Cassini. Hevelius, far more ja« 
dieious in our opinion, gave to these spots names taken 
from the most remarkable phices of the earth : in this man- 
ner he calls the highest mountain of the moon, moaat 
Sinai, See. This however is a matter of indifference, pro^ 
Vided there be no confusion. We have here subjoined a 
representation of the moon, pi. 4, bj means of which and 
die following catalogue they can be easily known, on com» 
paring the numbers in the latter with those in the former. 

. 1 Grimaldi 15 &atosthenes 

2 Gallileo 16 Timocharis 

3 Aristarchus 17 Plato 

4 Kepler 18 Archimedes 

5 Gassendr 19 Isle of the middle Bay 

6 Schikard 20 Pittacus 
1 Harpalus SI Tycho 

8 Heraclides 22 Eudoxus 

9 Lansberg 23 Aristotle 

10 Reinhold 24 Manilius 

11 Copernicus 25 Menelaus 

12 Helicon 26 Hermes 

13 Capuanus 27 Posidonius 

14 Bulliald 28 Dionysius 



» Plifiy SS Proclm 

30 Catbarmay Çyrilliu^ M Cleomedes 

Tlieopbiltts 57 Snell and Fumer 

SI FVaatstorii» 38 Pctau 

Sf The acute promontory 39 Langren 

33 Messala 40 Tarant 
Se Promontory of dreams 

A Sea of huraoars E Sea of tranquillity 

B Sea of clouds F Sea of serenity 

C Sea of rain O Sea of fecundity 

JP Sea of nectar H Sea of crises. 

PmOBtSM xix« 

To niseffxe an Eclipse of the Sum. 

1st. The same precautions, in regard to the measuring 
of timOy must be employed in this case, as in that of lunar 
e dip s es ; that is to say, care must be taken to regulate a 
good dock by the sun on the day before^ or even on the 
day of the eclipse. 

2d. A good telescope must be provided, of at least three 
or four feet in length; which must be directed towards the 
sun on a convenient supporter. If you are then desirous 
to look at the sun without die telescope, you must employ 
a piece of smoked glass or rather two pieces, the smoked 
ndes of which are turned towards each other ; but are 
prevented from coming into contact by means of a small 
diaphragm cut from a card placed between them. These 
two bits of glass may be then cemented at the edges, so as 
to make them adhere. By means of these glasses inter- 
posed between the eye and the telescope, you may then 
view the sun without any danger to the sight. 

About the time when the eclipse ought to commence, 
you must carefully observe the moment when the solar 
disk begins to be touched by the disk of the moon : this 
period will be the commencement of the eclipse. If there 
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are any spots on the; solar disk, you must observe the time 
when the moon's disk reaches them, and also when it again 
permits them to appear ; in the last place, you must ob- 
serve, with all possible, attention, the instant when the 
moon's disk ceases to touch the solar disk, which will be 
the end of the eclipse. 

But if, instead of observing in this manner, you are de» 
sirous to make an observation susceptible of being seen by 
a great number of persons at the same time, affix to your 
telescope, on the side of the eye-glass, an apparatus to 
support a piece of very straight paste-board at the distance 
of some feet. This paste-board ought to be perpendicular 
to the axis of the telescope, and, if it be not sufficiently 
white, you must paste to it a sheet of white paper. Make 
the end of the telescope, which contains the object glass, 
to pass through the window-shutter of a darkened room, 
or one rendered considerably obscure ; and if the axis of 
the telescope be directed to the sun, the image of that 
luminary will be painted on the paper, and of a larger 
size according as the paper is at a greater distance. It is 
necessary here to remark, that before you begin to observe, 
a circle of a convenient size must be delineated on it, so 
that, by moving it nearer to or farther from the telescope, 
the image of the sun may be exactly comprehended within 
it. The space contained withrh this circle must be divided 
by twelve other concentric circles, equally distant from 
each other, so that the diameter of the largest may be di- 
vided into 24 equal parts, each of which will represent a 
«emidigit. 

It may now be readily conceived, that if a little before 
the commencement of the eclipse you look with attention 
at the image of the sun, you will see the moment when it 
begins to be obscured by the entrance of the moon's body ; 
and that you may in like manner observe the end of it, 
aikl also its extent. 

It must not however be'expected that the same exact- 
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ne^ can be attained by employing this method, as by the 
fbrmerj especially if you are furnished with a long tele- 
acopci and a good micrometer. 

Remarks. — There are partial eclipses of the sun, that 
is, ecKpses in which only a part of the solar disk seems to 
be covered, and these are most common. Others are total 
and annular. 

Total eclipses take place when the centre of the moon 
passes over that of the sun, or nearly so; and when the 
apparent diameter of the moon is equal to that of the.sun, 
or greater. In the latter case, the total eclipse may be 
what is called cum mora; that is to say, with duration of 
darkness: of this kind was the famous eclipse of 1706. 

During eclipses which are total and cum mora, so great 
darkness prevails, that the stars are seen in the same man- 
ner sis at night, and particularly Mercury and Venus. But 
what excites a sort of terror, is the dismal appearance which 
all nature assumes during the last moments of the light. 
Animals struck with fear, retire therefore to their habita- 
tions, sending forth loud cries ; the nocturnal birds issue 
from their holes ; the flowers contract their leaves ; a cold« 
ness is felt, and the dew falls ; but as soon as the moon has 
sufiered a few rays of the solar light to escape, all is again 
illumination ; day instantly returns, and with more bright- 
ness than w.hen the weather is cloudy. 

Some eclipses, as already said, are really annular : they 
take place when the eclipse is very near being central, 
vhile the apparent diameter of the moon is less than that 
of the sun ; which may be the case if the moon at the time 
of the eclipse is at her greatest distance from the earth, 
sind the sun at his nearest distance to it. The eclipse of 
the sun on the 1st of April 1764 was of this kind to a part 
of Europe. 

During eclipses of this kind, when the sun is entirely 
^lipsed, a luminous circle of a silver colour, and as broad 
^ the 12th part of the diameter of the sun or moon, is 

VOL. III. H 
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often observed around the former ; it is effaced as soon a$ 
the smallest part of the sun begins to shine : it appears 
more lively towards the sun's limb, and decreases in bril- 
liancy the farther it is distant. Some are inclined to be- 
lieve that this circle is formed by the luminous atmosphere 
with which the sun is surrounded ; others have conjectured 
that it is produced by the refraction of his rays in tbe 
atmosphere of the moon ; and some have ascribed it to the 
diffraction of the light. Those who are desirous of farther 
information on this subject, may consult the Memoirs of 
the Academy of Sciences, for the years 1715 and 1748. 

PROBLEM XX. 

To measure the Height of Mountains. 

The height of a mountain may be measured by the com- 
mon rules of geometry: for if we suppose csd (plate 5 
fig. 9) to be a mountain, the perpendicular height of which 
is required, the following method can be employed. If 
the nature of the adjacent ground will admit, measure a 
horizontal line ab, in the same vertical plane as the summit 
s of the mountain. The greater the extent of this line, the 
more correct will be the result. At the two stations a and 
Bj measure the angles sae and sbe, which are the apparent 
heights of the summit s, above the horizon» when seen 
from A arid b. It will then be easy, by means of plane 
trigonometry, to find, in the right-angled triangle sea, the 
side £A, as well as the perpendicular se, or the elevation 
of the summit s above ae continued. 

Now let us suppose the vertical line sfh to be drawn, 
intersecting be in f. As, in dimensions of this kind, the 
angle esf, formed by the vertical line and the perpendi- 
cular SE, will for the most part be exceedingl}^ small, and 
much below one degree, the lines se and sf may be con- 
sidered as equal *^. On the other hand, the line fh, com* 

• For even in tbe caie of tliis angle being a degree, they wonld not difip* 
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prefaended between the line ae and the spherical surface 
ÇA, is evidently the quantity by which the real level is 
lower than the apparent level, in an extent such as a f, or 
more correctly in a mean length between af and bf: for 
this reason take the mean length between ae and be, which 
difier very little from af and bf ; and in the table of dif- 
ferences between the apparent and real levels, find the 
height corresponding to that mean distance : if this height 
be then added to the height se or sf, already found, you 
will have sh for the corrected height of the mountain, 
above the spherical surface, where the points a and b are 
situated* 

If.it be known how much this surface is higher than the 
level of the sea, it will be known also how much the sum- 
mit 8 of the mountain is elevated above the same level. 

Another Method. 

As it may be difficult to establish a horizontal line, so as 
to be in the same vertical plane with the summit of the 
momitain, it will perhaps be better to proceed in the fol- 
lowing manner : 

Trace out your base in the most convenient manner, so 

as to be horizontal : we shall here suppose that it is r^re- 

lénted by ab{p\. 5 fig. 10); let sc he the perpendicular 

from the summit s to the horizontal plane passing through 

^b; and let c be the point where this plane is met by the 

perpendicular: if the lines ac and be he drawn to that 

pcHnt, we shall have the triangles sac and sbCy right- 

i^ngled at c ; and the angles sac and sbc may be found by 

Qoeasaring, from the points a and b^ the apparent l^eight 

of the mountain above the horizon: the angles sab^nà 

fia, in the triangle asbj must also be measured. 

Now, since in the triangle sab^ the angles sab and sba 

^ ten thousandth part, which would suppose the distance of the station f 
^om tht mountaiq to be more than 100000 y«rds 

h2 
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are known, and also the. side ab; any one of the other 
sides, such for example as sa, may be easily determined 
by plane trigonometry. In the triangle acs, right-angled 
at Cy as the angle sac is known, the side ac and the per- 
pendicular sc may be found in the same manner. When 
this is done, the method pointed but in the preceding 
operation must be employed : that is, find the depression 
of the real level below the apparent level for the number 
of feet or yards comprehended in the line a c, and add it 
to the height s c : the sum will be the height of the point 
5, above the real level of the points a and b. 

Example^ — Let the horizontal length a ft be 2000 yards, 
or 6000 feet; the angle s a b SO"* S6' ; and the angle ^ft a 
85* 10'; consequently the angle bsa will be 14* 20'. By 
means of these data, the side 5 a of the triangle asb will 
be found to be 80^0 yards. On the other hand, if we sup* 
pose the angle sac to have been measured, and to be 18% 
the side ac will be found, by trigonometrical calculation, 
to be 7656 yards ; and sc, perpendicular to the horizontal 
plane passing through a by will be found equal to 2488. 
Now, as the depression of the real level below the apparent 
level at the distance of 7656 yards, is 12^ feet, or 4 yards 
6 inches*, if this quantity be added to the height sc^ we 
diall have 2492 yards 6 inches, for the real height of the 
mountain. 

Kemark.— «When either of these methods is employed, 
if the mountain to be measured is at a considerable distance, ' 
such as £0000 or 40000 yards, as its summit in that case 
will be very little elevated above the horizon, the apparent 
height must be corrected by making an allowance for re^ 
fraction, otherwise there may be a very considerable error 
in the result. The necessity of this correction may be 
easily conceived by observing, that the summit c of the 
mountain bc (pi. 5 fig. 1 1), is seen by a ray of light bca, 

t See the table in Uie additional remaifc 
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mkkh if not rectilineal, but bent ; so that the summit c it 
judged to be in D, according to the direction of the line ad, 
a tangent to the curve ace, which in the small space ac 
may be considered as the arc of a circle. The angle dab 
dierefore, of the apparent height of the mountain, exceeds 
the height at which the summit would appear without re- 
fraction, by the quantity of the angle cad; which must 
be determined. But it will be found that this angle cad 
is nearly equal to half the refraction which would belong 
to the apparent height dab. You must therefore find, in 
the tables, the refraction corresponding to the apparent 
be^ht DAB of the mountain, and subtract the half of it 
from that height : the remainder will be that of the sum- 
mit of the mountain, such as it would be seen without re- 
fraction* 

Let us suppose, for example, that the summit of the 
mountain seen at the distance of 20000 yards appears to 
be elevated above the horizon 5 degrees ; the refraction 
corresponding to 5 degrees is 9' 54'', the half of which is 
4' 57"; if 4' 51" therefore be substracted from 5*, the re- 
mainder will be 4^ 55' 3" which must be employed as the 
real elevation *. 

It may thence be seen, that to proceed with certainty in 
such operations, it will be necessary to make choice of sta- 
tions at a moderate distance from the mountain ; so that 
its summit may appear to be elevated several degrees above 
the horizon; otherwise the difference of the refraction, 
which is very variable near the horizon, will occasion great 
uncertainty in the measurement. 

We shall give hereafter another method for measuring 
the height of mountains, by means of the barometer ; but 

• MontocU here employs the common tables of refraction used for nautical 
•od mstronomical purposes, such as that given in Boberison's Navigation, vol. 
I. p. 9f8. In regard to terrestrial refraction, and the allowance made for 
Jt, «ee the additional remark at the end of this article. 
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in this case it is supposed that it is possible to ascend t& 
the summit of them. ^ We shall also give a table of the 
heights of the principal mountains of the earth above the 
level of thé sea. We shall here only observe that the 
highest mountains in the world, at least in that part of it 
inrhich has hitherto been accessible to scientific men, are 
situated in the neighbourhood of the equator ; and it is 
with justice that an historian of Peru says, that when com- 
pared with our Alps and our Pyrenees, they are like the 
towers and steeples of the churches in our cities, compared 
with common edifices. The highest yet known is Chim- 
boraço in Peru, which rises more than 19000 feet in a per- 
pendicular direction above the level of the sea. 

As all the known mountains in Europe are scarcely two- 
thirds of the height of those enormous masses, the falsity 
6f what the ancients, and some of the moderns, such as 
Kircher,have published respecting the height of mountains, 
will readily appear. According to these authors, ^tna is 
4pOO geometrical paces in height ; the mountains of Nor- 
way 6000 ; Mount Hœmus and the Peak of TenerifF 10000; 
Mount Atlas and the Mountains of the Moon in Africa 
15000; Mount Athos 20000; Mount Cassius 28000. It is 
asserted that these heights were found by means of their 
shadows ; but nothing is more destitute of truth, and if 
ever any observer ascends to the summit of these moun- 
tains, or measures their height geometrically, they will be 
found very inferior to the mountains of Peru, as is the 
case with the Peak of TeneriflF, which when measured 
geometrically by Father Feuille was found not to exceed 
6600 feet. 

Hence it appears that the elevation of the highest moun- 
tains is very little, when compared with the diameter of 
the earth, and that its regular form is not sensibly altered 
by them ; for the mean diameter of theN earth is about 
7957|- miles ; therefore if we suppose the height of a 
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noQntain to be 3| miles, it will be only the 2273d par^ 
of the diameter of the earth, which is less than the eleva- 
tion of half a line on a globe six feet in diameter. 

Additional remark* — As Montucla has not here ex- 
plained the method of finding the difference between the 
apparent and true level, we think it necessary to add a few 
observations on the subject. Two or more places are said 
to be on a true level, when they are equally distant from 
the centre of the earth. One place also is higher than an- 
other, or out of level with it, when it is farther from the 
centre of the earth ; and a line equally distant from that 
centre in all its parts, is called the line of true level. Hence, 
because the earth is round, that line must be a curve, or 
at least parallel or concentric to it. But the line of sight, 
given by operations of levelling, which is a tangent, or a 
right line perpendicular to the semi-diameter of the earth 
at the point of contact, always rising higher above the 
true curve line of level, the farther the distance, is called 
the apparent line of level; and the diflerence between the 
line of true level and the apparent, is always equal to the 
excess of the secant of the arch of distance above the radius 
of the earth. Hence it will be found that this diâèrence 
is equal to the square of the distance between the places^ 
divided by the diameter of the earth ; and consequently it 
b always proportional to the square of the distance. 

From these principles is obtained the following table^ 
which shows the height of the apparent above the true 
level, for every 100 yards of distance on the one hand, 
and for every mile on the other. 

The common methods of levelling are sufficient for lay- 
ing pavements of walks, or for conveying water to small 
distances, &c; but in more extensive operations, as in 
levelling the bottoms of long canals, which are to convey 
water to the distance of many miles, and such like, the 
difference between the true and apparent level must bi^ 
^ken into account. 
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Dist. 


Diff. of Level 


1 


Dist. 


DiflF. of Level. 


Yards. 


luches. 


Miles. 


^eet. Inches. 


100 


0-026 




I 


oi 


2CX) 


01 03 




i 


2 


300 


0*231 




3 


4i 


400 


0-411 




1 


8 


500 


0-643 




2 


2 8 


600 


0-925 




3 


6 


700 


1-260 




4 


iO 7 


800 


1-645 




5 


16 7 


900 


2-081 




6 


23 11 


1000 


2-570 




^ 7 


32 6 


1100 


3M10 




8 


42 6 


1200 


3-701 




9 


53 9 


1300 


4*344 




10 


66 4 


1400 


5*038 




11 


80 3 


1500 


5-784 




12 


95 7 


1600 


6*580 




13 


112 • 2 


1700 


7-42.'> 




14 


ISO 1 



By means of these tables of reductions, the diflèrence be- 
tween the true and apparent level can be found by one 
operation ; whereas the ancients were obliged to employ a 
great many; for being unacquainted with the correction 
answering to any distance, they levelle^l only from one 20 
yards to another, as they had occasion to continue the 
work to some considerable extent. 

These tables will answer several useful purposes: First, 
to find the height of the apparent level above the true, at 
any distance. If the giveri^distance be contained in the 
table, the correction of the level will be found in the same 
line with it. For example, at the distance of 1000 yards 
the correction is 2*57, or nearly two inches and a half; 
and at the distance of ten miles, it is 66 feet 4 inches. But 
if the exact distance be not found in the table, multiply 
the square of the distance in yards by 2-57, and divide by 
1000000, or cut off six places on the right for decimals^ 
the rest will be inches; or multiply the square of the 
dbtance in miles by 66 feet 4 inches, and divide by 100. 
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2d^ To find the extent of the visible horizon, or how far 

ao be seen from any given height on a horizontal plane, 

s at sea, &c. Let us suppose the eye of an observer on 

be top of a ship's mast at sea, to be at the height of 130 

set above the water, it will then see about 1 4 miles all 

round ; or from the top of a cliff by the sea side, the 

eight of which is 66 feet, a person may see to the distance 

f nearly 10 miles on the surface of the sea. Also, when 

be top of a hill, or the light in a light-house, the height 

»f which is 130 feet, first comes into the view of an eye on 

»oard a ship, the table shows that the distance of the ship 

rem it is 14 miles, if the eye be at the surface of the 

rater ; but if the height of the eye in the ship be 80 feet, 

he distance will be increased by nearly 11 miles, makipg 

n all about 25 miles. 

3d. Suppose a spring to be on the one side of a hill, and 
I house on an opposite hill, with a valley between them, 
md that the spring seen from the house appears, by a 
evelling instrument, to be on a level with the foundation 
)f the house, which we shall suppose to be at the distance 
3f a mile from it : this spring will be 8 inches above the 
true level of the house; and that difiefence would be 
barely sufficient for the water to be brought in pipes 
from the spring to the house, the pipes being laid all the 
way under ground. 

4th. If the height or distance exceed the limits of this 
table: Then first, if the distance be given, divide it by 2, 
or by 3, or by 4, &c, till the quotient come within the 
distances in the table ; t^hen take out the height answering 
to the quotient, and multiply it by the square of the 
divisor, that is by 4, or by 9, or by 16, &c, which will 
give the height required. Thus, if the top of a hill be 
just seen at the distance of 40 miles ; then 40 divided by 
^9 is 10, and opposite to 10 in the table will be found 66^ 
^eet, which multiplied by 16, the square of 4, gives 1061 f 
feet for the height of the hill. But when the height is 
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given, divide it by one of these square numbers, 4, 9, 16, 
25, &c, till the quotient come within the Hmits of the table, 
and multiply the quotient by the square root of the divisor, 
that is by 2, or 3, or 4, or 5, &c, for the distance sought. 
Thus, when the top of the peak of TenerifF, said to be 
about 3 miles or 15840 feet high, just comes into view at 
sea, divide 15840 by 225, or the square of 15, and the 
quotient is 70 nearly, to which in the table corresponds 
by proportion nearly 10|. miles; which multiplied by 15, 
will give 154 miles and ^, for the distance of the mountain. 

In regard to the terrestrial refraction, which in measuring 
heights is to be taken into account also, as it makes objects 
to appear higher than they really are, it is estimated by 
Dr. Maskelyne at -fy of the distance observed, expressed 
in degrees of a great circle. Thus, if the distance be 
10000 fathoms, its 10th part 1000 fathoms is the 60th part 
of a degree on the earth, or l', which is therefore the re- 
fraction of the altitude of the object at that distance. 

Le Gendre, however, says he is induced by several ex- 
periments to allow only -f'^th part of the distance for re* 
fraction in altitude. So that on the distance of 10000 
fathoms, the 14th part of which is 714 fathoms, he allows 
only 44" of terrestrial refraction, so many being contained 
in the 714 fathoms. 

Delambre, an ingenious French Astronomer, makes the 
quantity of terrestrial refraction to be the 11th part of the 
arch of distance. But the English measurers. Col. Ed. 
Williams, Capt. Mudge, and Mr. Ddlby, from a multitude 
of exact observations made by them, determine the quan- 
tity of refraction to be the 12th part of the said distance. 
The quantity of this refraction however is found to vary, 
with the different states of the weather and atmosphere, 
from the 15th part of the distance to the 9th part; the 
medium of which ia the 12th, as above.mentioued. 
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PROBLEM XXI. 

Method ofkwmnng the Constellations. 

To lealra to know the heavens, you must first provide 
ourself with some good celestial charts, or a planisphere 
f rach a size, that stars of the first and second magnitude 
an be easily distinguished. At the end of the present 
rtide we shall point out the best works on this subject. 

Having placed before you one of these charts, that con* 
lining the north pole, turn your face towards the north, 
od first find out the Great Bear, commonly called Charles's 
rain (pi. 5 fig. 12). It may be easily known, as it forms 
«e of the most remarkable groupes in the heavens, con- 
isting of seven stars of the second magnitude, four of 
rhich are arranged in such a manner as to represent an 
rregttlar square, and the other three a prolongation in the 
brm of a very obtuse scalene triangle. Besides, by ex- 
amining the figure of these seven stars, as exhibited in the 
ibart, you will easily distinguish those in the heavens 
?hich correspond to them. When you have made your- 
elf acquainted with these seven principal stars, examine 
m the chart the configuration of the neighbouring ones, 
nrhich belong to the Great Bear; and you will thence 
earn to distinguish the other less considerable stars which 
X)mpose that constellation. 

After knowing the Great Bear, you may easily proceed 
to the Lesser Bear; for nothing will be necessary but to 
ifaw, as seen in the annexed figure (pi. 5 fig. 13), a straight 
line through the two anterior stars of the square of the 
(^reat Bear, or the two farthest distant from the tail : this 
line will pass very near the polar star, a star of the second 
magnitude, and the only one of that size in a pretty large 
^pace. At a little distance from it, there are two other 
stars of the second and third magnitude, which, with four 
>nore of a less size, form a figure, somewhat similar to that 
of the Great Bear, but smaller. This is what is called the 
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Lesser Bear ; and you may learn^ in the same manner 
before, to distinguish the stars which compose it. 

Now, if a straight line be drawn through those stars o^ 
the Great Bear, nearest to the tail, and through the polar 
star, it will conduct you to a very remarkable group of 
five stars arranged nearly in thb form yyv (pl* ^ fig* ^^) » 
these are the constellation of Cassiopeia, in which a very 
brilliant new star appeared in 1572 ; though soon after k 
became fainter, and at length disappeared. 

If a line, perpendicular to the above line, be next drawn» 
through this constellation, it will conduct, on the one side, 
to a very beautiful star called Algenib, which is in the back 
of Perseus ; and, on the other, to the constellation of the 
Swan (fig* 15), remarkable by a star of the first magnitude» 
Near Perseus is the brilliant star of the Goat, called Ca- 
pella, which is of the first magnitude, ^d forms part of 
the constellation of Auriga. 

After this, if a straight line be drawn through the two 
last stars of the tail of the Great Bear, you will come to 
the neighbourhood of Arcturus, one of the most brilliant 
stars in the heavens, which forms part of the constellation 
of Bootes (fig. 16). 

In this manneryou may successively employ the know* 
ledge you have obtained of the stars of one constellation, 
to enable you to find out the neighbouring ones. We 
shall not enlarge farther on this method ; for it may be 
easily conceived, that we cannot proceed in this manner 
through the whole heavens : but any person of ingenuity, 
in the course of a few nights, may learn by these means to 
know a great part of the heavens ; or at any rate the prin- 
cipal stars. 

The ancients were not acquainted with, or rather did 
not insert into their catalogues, more than 1022 fixed stars^ 
which they divided into 48 constellations ; but their num- 
ber is much greater, even if we confine ourselves to those 
which can be disting;aiahed by the naked eye. Tl^ abbé 
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le la Caille observed 1492 in the small space compre- 
bended between the tropic of Capricorn and the south 
pole; a part of which he formed into new constellations. 
But this space is to the whole sphere, as 3 to 10 nearly ; 
10 that in our opinion the whole number of the stars visible 
to the naked eye may be estimated at about 6500. It is 
a mere illusion that makes us conclude, on the first view, 
that they are innumerable ; for if you take a space com« 
prehended between four, five or six stars of the second 
and third magnitude, and try to count those it contains, 
ypu will find that it can be done without much difficulty; 
and some idea may be thence formed of their total num- 
ber, which will not much exceed that above stated. 

The stars are divided into different classes^ viz, stars of 
the first, second, thirds &c, magnitude, as fiir as the éth, 
which are the smallest perceptible to the naked eye. There 
are 20 of the first magnitude, 76 of the second, 22$ of the 
third, 5 12 of the fourth, Su:. 

In regard to the constellajbions, the number of those 
commonly admitted is 90 ; of which 33 belong to die 
northern hemisphere, 12 to the Zodiac, and the remaining 
45 to the austral or southern hemisphere. We shall here 
give a catalogue of them, containing the number of stars 
of which each is composed, together with the names of 
some of the most remarkable stars: the constellations 
which have this mark * against them, are modern ones, 
the others ancient. The figures placed against the prin- 
cipal stars denote their magnitudes. 
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I. CONSTELLATIONS NORTH OF THE ZODIAC. 



No. 


Constellations. » 


No. of 
Stars. 


Chief Stan. 




1 


Una Minor 


24 


Pole Star 




1 


2 


Ursa Major 


87 


Dubhe 


1 


3 


Perseus 


59 


Algenib 




4 


Anriga 


5Ô 


Capella 




5 


^Bootes 


54 


Arcturus 




6 


Draco 


50 


Rastaber 


.5 


7 


^Cepheus 


35 


Alderamin 


m 


1 


d 


^Canes Venatici scil. 1 
Asterian et Chara J 


^K 








xo 


■ 


. 




9 


♦Cor CaroU 


3 


■ 




t 


iO 


^Tnangnlam 


10 








11 


Triangulnm minus 


5 






1 


n 


♦Mosca 


6 








t% 


♦Ljrn% 


44 






J 


14 


*Le« Minor 


24 








\5 


♦Coma Berenices 


40 




M 




16 


♦Camelopardalus 
♦Mods Menelaus 


58 








17 


11 




1 


1* 


Corona Borealis 


21 




1 


10 


Serpens 


50 




\ 


TO 


Heutum Sojbieski 
M#7rcules nim Ramo 1 
et Cerbero J 


8 


) 


\ 


%i 


113 


Kas Algiatha 




2% 


♦Merpentarius sive \ 
Ophiuchus J 


67 


Ras Alhagrus 


3 


2^ 


* Taurus Poniatowski 


7 






24 


Lyra 


22 


Vega 


1 


2!i 


♦Vulpecula et Anser 


37 




# . 


7A 


Hagitta 


18 




• 


V 


Aquila 


40 


Altair 


1 


'IH 


"Delphinus 


18 






30 


♦Cyjjnus 


73 


Deneb Adige 


1 


m 


^Rquuleus 


10 






HI 


♦l^certa. 


16 






M 


♦Pecrasus 


85 


Markab 


3 1 


33 ^Andromeda | 


66 


Almaac 


»P 
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n. CONSTELLATIONS IN THE ZODIAC. 



No. 

1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

11 


Constellations. 


No. of 
Stars. 


Chief Stars. 


Aries 

Taurus 

Gemini 

Cancer 

Leo 

Virgo 
Libra 

Scorpio 

Sagittarius 

Capricomus 

Aquaries 

Pisces 


66 

J40 
85 
83 
95 

110 
51 
44 

6& 
51 

108 

112 


Aldebaran 1 
Castorand Pollux 1 .2 

Regulus 1 
Spica Virginis 1 
Zubenich Mali 2 
Antares 1 

Scheat 3 



m. CONSTELLATIONS SOUTH OF THE ZODIAC, 



No. 



1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

11 

12 
13 
i4 
15 
16 

17 
18 

19 



Constellations. 



No. of 
Stars. 



•Pbœnix 


13 


*Officina Sculptoria 


12 


Eridanus 


76 


•Hydnis 


10 


♦Cetus 


80 


*Fomax Chemica 


14 


*Horologium 


12 


^ReticulusRhomboidalis 


10 


*Xiphias 
*CeIapraxitellis 


7 


16 


*Lepus 
*Coiumba Noachi 


1.9 


10 


Orion 


78 


ArgoNavis 


50 


Canis Major 


30 


*Equnleu8 Pictorins 


8 


^MoBoceros 


31 


Canis Minor 


14 


•Chamdeon 


10 



Chief Stars. 



Achemar 
Menkar 



Betelguese 

Canopus 

Sinus 



Procyon 



1 
2 



1 

1 
1 
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No. 


ConsteflationB. 


No. of 
Stars. 


CbiefSUrs. 


20 


*PyxiB Nautica 
•Pi«^B Volans 


4 




21 


8 




22 


Hydra 


60 


Cor Hydne 1 


23 


•Sextans 


4 




S4 


*Robar CarolÎDum 


n 




M 


♦Machioa Pneumatica 


3 




26 


•Crater 


11 


Alkes a 


27 


•CorviM 


9 


Atgorab S 


28 


•Croeiera 


6 




2y 


*Muac8 


4 




ao 


*Api3 iodica 


11 




31 


*CirciDus 


4 




32 


Ceutaurus 


36 




33 


•LupuB 


24 




34 


•Quadra Euclidis 


12 




3à 


•Trangulum Aastrale 


3 




36 


Ara 


9 




3? 




9 




38 


•Corona Australia 


12 




39 


•Pavo 


14 




40 


*lDdus 


12 




41 


*Microscopium 


10 




42 




43 




43 


•GruB 


14 




44 


•Toucan 


Q 




43 


PUcis Australia 


20 


Fomalhant 1 



IV. NUMBER OF STARS OF EACH MAGNITUDE. 



CoDstella lions. 


KÎ- 


Magnitudes. 


Total 
Number 
of Stars, 


1 


11 


III 


V 

120 
200 
I9L 

512 


V VI 


In the Zodiac 

In the N. Hemisphere 

In the S. Hemisphere 


12 
33 
45 


S 
9 


16 
14 
36 


44 

95 
84 

2.'3 


163 646 

29 1| 6J5 

221 323 


1014 
1251 

(J65 


90 


20 


095^1604 


3130 
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We shall not We enter into any physical details re- 
pecting the stars; as we reserve these for another place, 
kcre we shall speak of their distances, magnitudes, motion, 
od varions other things relating to this subject ; such as 
ew stars, changeable or periodical stars, &c. 

The best celestial charts were for a long time those of 
ayer*8 Uranometria, a work in folio, published in 1603, 
ad which has gone through a great many editions. But 
lese charts have given place to the magnificent Celestial 
tlaa of Flamsteed, pubUsbed in folio at London in 1729; 
work indispensably necessary to every practical astrono- 
Msr. Of the other charts or planispheres, those of Pardies, 
ublisbed in 1673, in six sheets magnificently engraved by 
^ochange, are esteemed. We have also the two plani- 
shares of de la Hire, in two sheets. Senex, an English 
ngraver, published likewise two new planispheres, accord- 
ig to the observations of Flamsteed ; one of them in two 
leets, where the two hemispheres are projected on the 
lane of the equator; and the other where they are pro- 
scted on the plane of the ecliptic. Those who have not 
le Celestial Atlas of Flamsteed must provide themselves 
ith either of these planispheres. The modern astrono- 
lers, and particularly la Caille, having added a great 
amber of new constellations to the old ones in the southern 
emiflfpbere, two new planispheres have on that account 
een formed. One of them, by M. Robert, consists of- 
f sheets, where the ground of the heavens is coloured 
hie; so that the constellations are very distinctly seen, 
t is constructed according to the newest observations; 
nd it is accompanied with useful instructions respecting 
^ poethod of knowing the heavens. 

,As it is of the greatest importance to astronomers, to be 
cqoainted with the constellations and stars of the Zodiac, 
«cause the planets move in that circular band, Senex,* 
■^e mentioned, published about half a century ago. The 
îtsurry 2kxliac, from Flamsteed's Observations; and as it 
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was difficult to be procured at Paris^ the Sieur Dhenland, 
engraver, gave, in 1755, a new edition of it; with such 
corrections as the interval between that period and die 
time when Senex published his edition, had rendered 
necessary. He was directed in this undertaking by M. da 
Seligny, a young officer in the service of the East-India 
Company. To the Zodiac of Dheuland is annexed à 
minute catalogue of the Zodiacal stars, with their longi- 
tudes and latitudes, reduced to the year 1755. This cata^ 
logue comprehends 924 stars; but the author, to raider 
his work more useful in nautical observations, gives to hb 
Zodiac ten degrees of latitude, on each àde of the ecliptic* 
It may be readily seen, from what has been here said, that 
those who are not possessed of the Celestial Atlas of Flam- 
steed, inust ^procure the Zodiac and Catalogue of Dheu- 
land, or rather of Seligny, and that even possessing the 
former work does not supersede the necessity of the latter* 

A new edition of Flamsteed's Atlas, reduced to a third 
of its original size, has since been published, with a plani« 
sphere of the austral stars observed by la Caille. M. Fortin, 
the author, reduced all the stars to the year 1780;. and 
added a chart of the stars representing the different l^rures 
which they form, together with their relative positions. 

To the above list we may add the large Celestial Atlas 
lately published by professor Bode, of BerUn, consistiDg 
of twenty sheets. 

Remark. — Since the period when mankind beg^ to 
observe the stars, various astronomers, at different time», 
have undertaken to exhibit in charts, their places, relative 
distances, and magnitudes. To the works of this kind 
before mentioned, we may add also the Cœlum Siellaium 
of Julius Schiller, 1627 ; the FirmamerUum Sobescianum 
of Hevelius, 1690, in 54 sheets;^ and Doppelmayer^a 
Celestial Atlas, Nuremberg 1742. In the year 1729 Flam- 
steed^s Celestial Atlas was published in 28 sheets, contain» 
ing 2919 stars, observed by that astronomer at Greenwich^ 
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à idiTided into 56 constellatiotis. In the year 1776, art 
ition of it, reduced to the quarto form, was published at 
m by FortÎD, in SO sheets; ib the year 1796 la Lande 
d"Mccbain published the same plates, considerably im- 
Dvedy and enlarged with seven new constellations. In 
» .jrear 178S M. Bode published the same Atlai in 34 
eètSy small folio ; but he added, beâdes the old observa- 
nt a great many new ones, and above 2 100 fixed stars 
i nebulae. In the year 1748, a new Uranographia^ of 
s nme kind as that of Bayer, to consist of 50 sheets, was 
Qoanced to be published by subscription in England. Dr. 
m^ a noted astronomer, was at the head of this under- 
did and some of the sheets were engraved ; but the 
idc was never completed *. The Atlas now published 
-professor Bode, in 20 sheets, is constructed according 
an ^entirely new projection. Flamsteed's charts were 
eft 81 inches in breadth and 28 inches in length; those 
Bode's Atlas are. 26 incties in breadth and 38 in length, 
aunsteed's Atlas contains only 56 constellations on 28 
Bets; that df Bode contains 106 on 18 sheets, togetbier 
th the stars around^the south pole, and two hemispheres. 
F late years, by the continued assiduity of astronomers^ 
e number of stars observed has been much increased, 
r. Herschel, with his excellent telescopes, has discovered 
ove '2500 nebulae, groups of stars, and double stars, 
iron von Zach of Gotha constructed a new and complete 
lalogue of the fixed stars, from his own obervatioiis ; 
it'professôr Bode for the greatest number of his improve- 
ci&ts was indebted to la Lande. This meritorious 
tAMiomer supplied him at different times with new stars, 
Qounting altogether to about 6000, which were observed 

* Another little known Celestial Atlas, which at least is mentioned by 
bade^ is that of Corbinianus Thomas, a Benedictine and profesaoir of 
ttheokatics at Ausbnrg;. It is entitled FirmamefUitm Firmianum, in honour 
the then bishop of the house of Firmiao» and was published at Augsburg in 
uU folio, in the year 1731. In this Atlas the northern crown is calle4 

1 2 
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by himself and bis nepbev le Françcns, ai tbe IVGlitarf 
school, with a nmral quadrant by Bird. Bat the fiifte 
manuscripts transmitted by la Lande, contained the riglifc 
iMcensions only to minutes of time; and consequently weie 
not accurately enough defined for the large scale on wUdb 
these charts are constructed. Professor Bode therefote 
inserted only some of these stars into his charts, being 
obliged to leave out the greater part of them. La Lande 
sent afterwards more correct positions.; and though the 
professor encountered many difficulties in reducing theflu, 
in consequence of errors in the transcribing or calcuIatioD^ 
he was enabled to add to his charts some thousands of new 
stfirsy furnished by the above astronomer* The professor 
however found several vacuities, and being desirous thiU; 
the improvement introduced into his work should be uid» 
form, he resolved to supply these deficiencies from fab 
own observations. He began therefore in the month of 
December 1796, at the royal observatory of Berlin, to 
search for and observe new stars, with a mural quadrant 
by Bird ; and by these means was enabled to enrich fais 
Atlas with some hundreds of stars, of the 6th and Till 
ms^itudes, not to be found in any of the catalogues. : 

Plate 1 and 2 represents the hemispheres of Aries and 
Libra according to tbe stereographic projection, the first 
has (X'T, and the second 0^ a, in the centre; the pdes 
are at the top and bottom, and the solstitial colure in the 
circumference. Plate 3 to 10 all the principal stars of Ûm 
polar regions, and all the old and new constellations nofth 
of the Zodiac. Plate 11 to 16 the twelve constellatiiAis 
of the Zodiac, and some neighbouring stars. Plate 11 to 
30 all the stars below the Zodiac and in the south pofaur 
regions. These charts altogether contain upwards of 
17000 stars, nebulae, groups, and double stars. Many of 
the sheets contain 13 or 1400 stars, nebulse, 8cc; whereas 
those of Flamsteed do not contain above 300. 

Flamsteed, for his charts, made choice of a kind of pro* 
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xtion by which , especially under great declinations, no 
foper idea is given of the real figure of the circles of the 
phere. In these charts the parallels to the equator are 
tiaigbt Knes, which intersect the meridians, where thé 
oiiiies of their distance from the mean meridian falls. They 
ppear therefore as crooked lines; the meridians or great 
irdes i^pear also crooked, and the parallels or less circles 
tnigfat lines, entirely contrary to the real form which 
hese circles of the sphere^xhibit. Professor Bode there- 
ore made choice of another kind of projection, namely 
hat conical projection described by Kastner in his Geo» 
netrical Treatises, and in which the semi-diameter of the 
Msan parallel b the cotangent of its declination. The 
Bean meridian, on the other hand, is lengthened where 
heae cotangents fall; and from this point as a centre are 
brawn the parallel circles at every 5 degrees. At this 
ieiitre the value of the angle of right ascension, for ex- 
«qde 10 degrees, is made srs sin. decl. iO"*; and the me- 
idians are drawn as straight lines. By this construction 
lie degrees of ascension are kept in the proper'proportion 
30 those of declination, in the mean zones lying between the 
parallels, as far as they extend east or west; and the princi- 
pal stars which each sheet exhibits, fall in these mean 
zones. Each sheet generally contains about 75% on the 
squator, of right ascension, and 54" in declination. When 
the equator falls in the middle of the chart, the parallels 
sud meridians are straight lines, placed at equal distances, 
and intersecting each other at right angles. The polar 
npona are delineated according to the stereographic pro- 
jection. The scale of these charts, the two polar ones 
excepted, is l(f declination to 4 inches English. 

The names of all the constellations are given in Latin, 
according to the general practice; the original constella- 
tioDs, when they form the principal figures in the chart» 
tn CMopletely shaded ; but in such a manner that the 
flonJlesI stars and the nebulous spots are apparent. The 
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names are given in large Roman shaded chanicten. The 
constellations introduced in modem times are shaded ia 
thç punctured manner ; and the names are added in large 
open Roman characters. Besides the Arabic and Latin 
^ames, already known, the old Arabian -names are also 
added to many of the stars. The epoch of the right as- 
cension of these stars is fixed at the 1st of January, 1801, 



CHAPTER II. 

,A short View of the principal Facts in regard ta Physical 
Astronomy^ or the Systenn of the Universe. 

Th:er£ is no difference of opinion at present among 
^lightened philosophers, in regard to the position oi the 
planets and of the sun. All those capable of estimating 
the proofs deduced from astronomy and physics, admit 
that the sun occupies the centre of an immense space, m 
which the following planets revolve around him at differ- 
ent distances, viz, Mercury, and Venus; the earth, always 
accompanied by the moon; Mars; Pallas, discovered by 
Dr. Olbers; Ceres, discovered by M. Piazzi; Vesta, dis^ 
covered by Harding; Juno, discovered also by Olbers; 
Jupiter, followed by his four moons or satellites; Saturn, 
surrounded by his ring, and accompanied by seven satel- 
lites ; the Gieorgian planet, discovered by Dr. Herscbel, 
together with its satellites; and lastly a great number of 
coinets, which have been shewn to be nothing else but 
planets having orbits very much elongated. 

The path in which each of the planets moves around 
the sun is not a circle, but an ellipsis more or less elongated ; 
in one of the foci of which that luminary is placed; so tbat 
.when the planet is at the extremity of the axis, beyond 
the centre, it is at its greatest distance from the son; and 
.when at the other extremity of tbat axis, it is at its nearest 
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iktance. TIÛ9 ellipsis however is not very much elongated : 
Jiit described by Mercury is the most of all of the ancient 
l^lanets; for the distance of its focus from the centre is 

» 

iqual to a fifth part of its seroiaxis. That of Venus is 
learly a circle. In the orbit of the earth, the distance 
from the focus to the centre is only about a 57th part of 
^ semiaxis. The last discovered planet, Pallas, it is 
said, has its orbit the most elongated of any, its eccen- 
tricity being about one third of its mean distance from the 
nm. 

The motion of all these bodies around the sun is regu* 
lated by two celebrated laws, the discovery of which ha^ 
rendered the name of Kepler immortal. The first of these 
laws, which relates to the motion of a planet in the different 
JKHnts of its orbit, is, that it always moves in such a man- 
psr^ that the arc described by the radius vector, or the 
straight line drawn from the planet to the sun, increases 
imiformly in equal times, or is always proportional to the 
tiime ; so that if a planet, for example, employs 30 days in 
moving from a to i* (pi. 5, fig. 17), and 20 in moving from 
1* to JEF» the mixtilineal area as ir, will be to the mixtilineal 
area ir sp, as 30 to 20; or as it is to Asp, as 30 to 50, or 
.as 8 to 5. In double the time therefore this area is double, 
and so on; whence it follows, that when the planet is at 
ita greatest distance, it moves with the least velocity in its 
orbit. The ancients laboured under a mistake, when they 
imagined that the retardation which they observed in the 
motion of any of the heavenly bodies, such as the sun for 
example, was a mere optical illusion: this retardation is 
partly real, and partly apparent. , 

7be second law, discovered by Kepler, is that which 
regulates the distances of the planets from the sun, and 
thdr periodical times, or the times of their revolutions. 
According to this law, the cubes of the mean distances of 
^wq planets from the sun, around which they perform their 
reyolutionsy are always in proportion to each other as the 
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squares of their periodical times ; thuS| if the mean diataneei 
of two planets from the sun, be the one double of the 
other, since the cubes of these distances will be as 1 to 8, 
the squares of the periodical times will be as 1 to 8 ; conte-» 
quently the times themselves will be to each other as 1 to 
the square root of Sj which is 2|. nearly. 

This rule holds good, not only in regard to the principal 
planets^ those which revolve about the sun, but also in re- 
gard to the secondary planets, which revolve around .a 
primary planet, as the four satellites of Jupiter, and the 
seven satellites of Saturn. If the earth had two moons, 
they also would observe this law in regard to each other 
by a mechanical necessity. 

These two laws, first discovered by Kepler, from hit 
observations and those of Tycho Brahe, were afterwards 
confirmed and proved by Newton, from the principles and 
laws of motion ; so that those who deny truths so well estar* 
blished, must be incapable of feeling the force of a demoti-^ 
stration. 

We shall now lay before our reader every thing moti 
remarkable in regard to those celestial bodies of which we 
have any knowledge, beginning with the sun. They who 
can behold this sublime picture without emotion, ought to 
be classed among those stupid beings, whose minds are 
insensible to the most magnificent works of the Deity. 

§1. Of the Sun. 

The sun, as we have already said, is placed in the middle 
of our system, as a source of light and heat, to illuminate 
and vivify all the planets subordinate to it. Without his 
benign ipfiuence, the earth would be a mere block, which 
in hardness would surpass marble and the most compact 
substances with which we are acquainted ; no vegetation, 
no motion would be possible: in short, it would be the 
abode of darkness, inactivity and death. The first rank 
therefore among inanimate beings cannot be refused to 
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B nih; and if the error of addressing to a created object 
St adoration which is due to the Creator alone, could 
mit of dense, we might be tempted to excuse the 
«nage paid to the sun by the ancient Persians^ as is still 
e case among the Gruebres, their successors, and some 
rage tribes in America. 

The sun is, or seems to be, a globe of fire, the diameter 

which is equal almost to 111 times that of the earthy 

ing about 883211 English miles; its surface therefore is 

321 times greater than that of the earth; and its mass 

&Î6SI times. Its distance from the earth, according to 

s latest observations, is about 95 millions of miles. 

This enormous mass is not absolutely at rests for modern 

tronomers have found that it revolves round its axis, in 

* days 12 hours. This motion takes place, on an axis 

sHned to the plane of the ecliptic about ?}* ; so that the 

[uator of the sun has the same inclination to the earth's 

bitd— This phenomenon was discovered by means of the 

ots, with which the surface of the sun is covered at 

rtain periods: with the assistance of a telescope, these 

ots, which are dark, and generally of a very irregular 

rm, and which often remain some months, may be ob« 

rved on the disk of this luminary. They were first 

■covered by Galileo, who thus gave a mortal blow to the 

union of the philosophers of that time, some of whom, 

eading in the steps of Aristotle, considered the celestial 

)dies as unalterable. He repeatedly observed, at different 

iriods, large spots on the sun's disk ; saw them always 

>proach in the same direction, and almost in a straight 

le to one of the edges ; then disappear and re-appear 

terwards, at the other edge; whence he concluded that 

le son had a rotary motion about his axis. It is remarked 

lat these spots employ 25 days 12 hours to return to the 

•me point of the disk where they began to be observed ; 

ence it follows that they require 25 days 12 hours, to 
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perform a complète rerolution*; and consequently. the 
sun employs that time in revolving aboat his axis. 

It thence follows also, that a point in the son's «qnator 
moves about four times and a third as fast, as a point of 
the terrestrial equator, during its diurnal motion ; for, the 
circumference of a solar great circle being 111 times as 
great, these points would move with the same velocity if 
the period cf the sun's revolution were 111 days: But 
beii^ only 25 days and some hours, it is about four times 
and a third as rapid. 

Astronomers have also had the curiosity to measure the 
estent of some of these solar spots; and have found that 
they are soinetimes much larger than the whole earth. 

In regard to the nature of these spots ; some philosophers 
have conjectured, that they can be nothing else than parts 
of the nucleus of the sun which remain uncovered, in 
consequence of the irregular movements of a fluid violently 
agitated. An ElngHsb Astronomer, Professor Wilson of 
Glasgow, revived this idea in the Philosophical Trans*' 
actions for 1773, with this difference, that according to his 
theory the luminous matter of the sun is not fluid, but of 
such a consistence, that under particular circumstances, 
there may be sometimes formed in it considerable excavâ^ 
tions, which discover a portion of the nucleus. The slop- 
ing sides of these excavations, according to his opinion, 
form the faculse, or that border less luminous, without 
being black, with which these spots are generally sur- 
rounded» This theory he endeavours to establish, by ex- 
amining the phenomena that ought to be exhibited by such 
excavations, according to the manner in which they might 
present themselves to an observer. 

* The reason of this ^ifTerence is, that while the sun performs a complete 
revoKition od its axis, the earth, moring in its orbit, advances about SS 
4efreet towards the same side; on which account the spot must still pass 
over about 25 degrees, before it can be in the same point of view in regard 
to the earth. 
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Othen pbilosophers have supposed these spots to be 
Dty clouds ai fuliginous vapours, which remain suspended 
rep the surface of the sun, in the same manner as the 
IKike that rises from Vesuvius at the time of an eruption ; 
nA which to an eye placed in the atmosphere would ap- 
ear to cover a large tract of country. Some also have 
nagined them to consist of a kind of scum produced by 
le combustion of heterogeneous matters, which have fallen 
QjUie sun's surface. But, in all probability, nothing 
srtain will ever be known on the subject. For whole 
ttUTi Done of these spots are ever seen on the sun's disk, 
od sometimes a great many are observed. In 1637 it is 
iid. they were so numerous, that both the heat and 
lieodour c^. that luminary were in some measure -du 
Mftisfaed by them. If the opinion of Descartes, respect- 
^f the incrustation of the stars, and their conversion into 
pake planets, had been then known, some apprehensions 
ugbt bave been entertained of seeing the sun, to the great 
lisfortuuie of the human species, undergo this strange 
jiet|upaerpho»s. 

We 9ball here remark that a certain figure of the sun, 
iven on the authority of Kircher, and copied in various 
laps of the world, ought to be considered merely as an 
onaginary production. No observations have ever been 
Dade by any astronomer, that can serve as the least found- 
àon for it. 

In 1683, Cassini discovered that the sun not only has a 
iroper light of bis own, but that he is accompanied by a 
abd of luminous atmosphere, which extends to an immense 
Ibtance, since it sometimes reaches the earth. But thb 
itmospbere is not of a form nearly spherical, like that of 
be earth : it is lenticular, and situated in such a manner, 
bat its greatest breadth coincides almost with the prp- 
ongation of the solar equator. We indeed often see, 
luring very serene weather, and a little after sunset, a 
igbt somewhat inclined to the ecliptic, several degree» 
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broad at the horizon^ and decreasing to a point, which 
rises to the hdght of 45\ It is principally towards the 
equinoxes that this phenomenon is observed ; and as it has 
been since seen, and in various places, by a great number 
of astronomers, these appearances cannot perhaps be ac- 
counted -for, but by supposing around the sun an atmo* 
sphere such as that above mentioned. 

Doctor Herschel has two ingenious papers in the Phi- 
losophical Transactions, for 1795 and 1803, containing 
many new and curious speculations on the nature and eon^ 
stitution of the sun, his light, 8cc. Dissatisfied with Ûtt 
old terms, used to denote certain appearances on the sur- 
face of the sun. Dr. Herschel rejects them ; and instead of 
the words, spots, nuclei, penumbrœ, luculi, &c, he substi- 
tutes, openings, shallows, ridges, nodules, corrugationt, 
indentations, pores, &c. He imagines that the body of the 
sun is an opake habitable planet, surrounded and shining 
by a luminous atmosphere, which being at times inter- 
cepted and broken, gives us a view of the sun's body 
itself, which are the spots, 8cc. He conceives that die 
sun has a very extensive atmosphere, consisting of elastic 
fluids, that are more or less lucid and transparent, and of 
which the lucid ones furnish us with light. <^ This atmo- 
sphere, he thinks, is not less than 184S, nor more than 
2765 miles in height : and he supposes that the density of 
the luminous solar clouds need not be much more than 
that of an aurora borealis, in order to produce the e£RBCts 
with which we are acquainted. The sun then, if this hy- 
pothesis be'admitted, is similar to the other globes of the 
solar system, with regard to its solidity^ts atmosphi 
its surface diversified with mountains and valley»— the 
tation on its axis-— and the fall of heavy bodies on its sof^ 
iace ; it therefore appears to be a very eminent, large^ 
and lucid planet, the principal one in our system, disse- 
minating its light and beat to all the bodies with which it 
b connected/' 
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Of Mercury. 

Mefcary is the nualleat of all the ancient planetsi and the 
warest the sun : ita distance from that luminary is abont 
i( of that pf the earth : Mercury therefore revolves about 
he sun at thç distance of about 31 millions of miles. On 
looofint. of this position, it is never more than 28° 2(/ 
rwi the sun, and on this account it is very difficult to be 
een« When at about its greatest elongation from the 
un it appears as a crescent like the moon towards her 
padratures; but to observe this configuration requires 
;ood telescopes. 

It has not yet been ascertained from any observations 
rbetber Mercury has a motion round its axis, which how* 
rvor is very probably the case* 

I This planet completes its revolution round the sun in 
n dayB 83 hours 15 minutes, and its diameter is to that 
tf the earth as 8 to 5 ; so that its bulk is to that of the 
parth as 8 to 125. 

The distance of Mercury from the sun being no more 
than !■( of that of the earth ; and as heat increases in the in- 
rene ratio of the squares of the distance ; it thence follows 
ÛÈBifCétieris paribus, it is nearly seven times as hot in that 
I^Umçt. as on our earth. This beat even far exceeds that 
of boiling water. If Mercury therefore has the same con« 
formation as our earth, and is inhabited, the beings by 
which it is peopled must be of a nature very different 
from those of the latter. In this there is nothing repug- 
nant to reason ; for who will dare to confine the power of 
the Deity to beings almost similar to those with which we 
ire acquainted on the earth? We shall show hereafter 
Ihit the conformation of the surface of Mercury, and the 
iiiture of the circumambient aujd, may be such as to 
Bttke it not impossible for such beings as ourselves to 
çûst in it. 
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Of Fenus. 

Vent» is .the most brilliant of all the planéks in the 
Haaf^ens. This planet, as is well known, sometimes pre^ 
cedes the sun ; and on that account is called Lucifer^ or 
die morning star : sometimes it follows him^ appearing 
the first after he is set %, land on that account is distin- 
guished also by the name of Vesper^ or the evening star. 

This planet revolves about the sun at a distance firom 
him, which is to that of the earth from the sun, as 68 to 
95 ; consequently its distance front the sun is about 68 
millions of miles : its greatest elongation from the sun, in 
r^fard to us, is about 48^, and it exhibits the same phases 
as the moon. 

The revolution of Venus around the sun is perfbrlnéft 
in £24 days 16 hours 49 nfiinutes : its diameter, according 
to the latest and most correct observations, is nearly the 
same as that of the earth, and consequently it is of equid 
bulk also. Changeable spots have been discovered ott 
the surface of Venus, which serve to prove the revolution 
of that planet about its axis; but the period of this revo- 
lution is not very fully ascertained. M. Bianchini makest 
it to- be 24 days, and M. Cassini 23 hours, 20 minutes. 
For our part we are inclined to adopt the latter opinion ; 
but unfortunately these spots, seen by Maraldi and Cas- 
sini, are no longer visible, even with the help of the best 
telescopes, at least in Europe : at present not a single spot 
can be observed in this planet ; and therefore the ques- 
tion must remain undetermined till new ones are seen. 

Venus may sometimes pass between the earth and the 
liun, in such a manner as to be seen on the disk of thé 
latter, where it appears as a black spot, of about a minute 
apparent diameter. It was seen for the first time passing 
over the sun's disk in Nov. 1631 $ it was again observed 
under the like circumstances on the 6th of June^ 1761, 
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and the same observation was made on the 3d of Jane^ 
1769. It will not be again seeii passing over the sun*é 
disk, till the 9th of December, 1874. The ob^rvatioii 
'of this phenomenon, in the success of which all the states 
of Enfope interested themselves, is attended with consi« 
derable advantages to astronomy, an account of which 
may bé found in books that treat expressly on that sub- 
ject. 

§ IV. 

Of the Earth. 

The Earth, which we inhabit, is the third in the order 
of the planets hitherto known. Its orbit, the semi-dia- 
meter of which is about 95 millions of miles, comprei< 
bends within it those of Venus and Mercury. It per- 
forms its revolution about the sun in 365 days 6 hours 11 
minutes ; for it is necessary that a distinction should be 
made between the real or complete revolution of the 
earth, and the tropical revolution, or what is called the 
solar year. The latter consists of 365 days 5 hours 49 
minutes ; because it represents only the time which the 
sun employs in returning to the same point of the equi- 
noctial ; but as the equinoctial points go back every year 
50^, which makes the stars seem to advance the same 
quantity, in the same period ; when the earth has returned 
to the prânt of the vernal equinox, it must still pass over 
Sff' before it can attain to the point of the fixed sphere, 
where the equinox was the preceding year. But as it 
employs for this purpose about 20 minutes, these added 
to the tropical year will give, as the time of the complete 
revolution, from a point of the fixed sphere to the same 
point again, 365 days 6 hours 1 1 minutes, as mentioned 
above. 

During a revolution of this kind, the earth, in conse- 
quence of the laws of motion, always maintains its axis 



ISS ASTRaNOBfT ANI» GBOGKAPHY. 

parallel to itself; and it performs its revolulâon ar6tiii4 
this axis, with respect to the fixed stars, in 23 heurs ^6 
minutes; for it is in r^ard to the fixed stars that this re- 
vcdution ought to be measured, and not in regard to the 
sun, which has apparently advanced in the same^direc- 
tion about a degree per day. This parallelism of the 
ei^rth's axis produces the variation of the seasons i as it 
exposes sometimes the northern and sometimes the south* 
ern part to the direct influence of the sun's rays. 

This parallelism however is not absolutely invariable. 
In consequence of certain physical causes, it has a small 
motion, by which it deviates from it, at each revolution, 
about 50 seconds ; as if it had a conical motion, exceed-* 
ingly slow, around the moveable and supposed axis of tl}e 
ecliptic. On account of this motion, the apparent po|e 
of the world, among the fixed stars, is not fixed ; but re* 
volves about the pole of the ecliptic, and approaches* 
certain stars, while it recedes from others. The polar 
star has not always been that nearest the arctic pole ; nor 
is it yet at its greatest degree of proximity : it will attain 
to this situation about the year 2100 of our aera, and its 
distance from the pole at that period will be 28' or 29"";. 
the arctic pole will then recede more and more from it, so 
that in the course of ages there will be another polar st^^ 
and even others after that in succession. 

The axis of the earth is inclined to the plane of the 

, ecliptic, at present, in an angle of 23^ 28^, and some ae« 
conds, which causes the inclination of the ecliptic to the 

' equator, and produces the different changes of the seasons. 
This inclination is also variable, and, according to moderu 
observations, decreases about a minute every century : the 
ecliptic therefore slowly approaches towards the equator, 
or rather the equator towards the ecliptic, and if thi3i 
motion takes place with the same velocity, and in the 
same direction, the equator will coincide with the. ecliptic. 
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d)CfDt 140,000 years I and then a perpetual spring, as 
dl as an equality of the days and nights^ will prevail all 
w the earth. 

Of the Moon. 

Of all the celestial bodies which surround us^ and by 
!iich we are illuminated, the most interesting, next to 
e sun, is the moon. Being the faithful companion of our 
obe during its immense revolution, she often supplies the 
Bice of the sun, and by her faint light consoles us for the 
^ we sustain when the rays of that luminary are with- 
awn. It is the moon which raising, twice every day, the 
Itei^ of the ocean, produces in them that reciprocal mo» 
m, known under the name of the flux and reflux ; a 
otion which is perhaps necessary in the economy of the 
obe. 

The mean distance of the moon from the earth is about 
>! semi-diameters of the latter, or £40,000 miles. Her 
uneier is in proportion to that of the earth, as 20 to 73, 
nearly as 3 to 11 ; so that her mass, or rather bulk, is 
^that of the earth, nearly as 1 to 48|. 
iThe moon is an opake body ; but we do not think it ne- 
may to adduce here any proof of this assertion. She 
not a polished body, like a mirror ; for if that were the 
Ae, it would scarcely transmit to us any light, as a con- 
IX mirror disperses the rays in such a manner that an 
% at any considerable distance, sees only one point on 
te suriace illuminated ; whereas the moon transmits to 
I firom her whole disk a light sensibly uniform. 
To this we may add, that observation shows in the 
3dy of the moon asperities still greater, considering her 
agnitude, than those with which the earth is covered, 
the moon indeed be attentively viewed, some days after 
er conjunction, the boundary of the shaded part will be 
!en as it were indented ; which can arise only from the 

TOL. ni. K 
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effect of ità inequalities. Besides^ at a little distance from 
that boundaryi in the part not yet illuminated» there are 
observed luminous points, which^ increasing gradually as 
the luminous part approaches them, are at length con- 
founded with it» and form the indentations above men- 
tioned : in short| the shadow of those parts» when they 
are entirely illuminated, $ire seen to project themselves 
to a greater or less distance, and to change their position» 
according as they are illuminated on the one side or the 
other» and in a direction more or less oblique. It is in 
this manner that the summits of the mountains on our 
earth are illuminated» while the neighbouring vailles and 
plains are still in obscurity ; and that their shadows are 
projected to a greater or less distance» on the right or the 
left» according to the elevation and position of the sun. 
Galileo» the. author of this discovery, measured the height 
of one of these lunar mountains geometrically ; and found 
it to be about 3 leagues» which is nearly double the height 
of the most elevated peaks of the Cordilleras» the highest 
mountains known on the earth. But later astronomers» 
■by more accurate measurements^ have not found the lunar 
mountains to rise above a mile or two in height. 

We have already spoken of the names given by astro- 
nomersr to these spots» and of their use in astronomy. Wol 
shall therefore not repeat them here, but proceed to 
/something more interesting. On the surface of the moon 
there are spots of different kinds, some luminous, and 
others in some measure obscure. It was long considered 
as fully established that the most luminous parts were 
land, and the obscure parts sea ; for it was said as water 
absorbs a part of the Ught» it must transmit a weaker 
splendour than the land» which reflects it very strongly. 
But this reasoning is not well founded i for if these spots» 
which are obscure in regard to the rest of the moon» con* 
sisted of water ; when illuminated obliquely» as they are 
in respect to us during the first days after the conjunction^ 
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^y ought to transmit to us a very lively light ; as a mir- 
ff which seems black to those not placed in the point to 
Uch it reflects the solar rays^ appears on the other han4 
sceedingly bright to an eye situated in that point. 
Others have hence been induced to believe that these 
Mcure parts are immense forests ', and this indeed may 
% more probable. We have no doubt that if the vast 
rests still in Europe^ and those of America, were seen at 
great distance, they would appear darker than the rest 
• the earth's surface. 

But is this observation sufficient to make us conclude 
at these spots are really forests ? We do not think it is ^ 
id die reasons are as follow i 

It is in a manner proved that the moon has no atmo« 

Jbere ; for if she had, it would produce the same eSects 

; ours. A star, on the moon approaching it, would 

lange its colour: and its rays, broken by that atrno^ 

there, would give it a very irregular motion^ even at a 

insiderable distance from the moon. But nothing of 

is kind is observed, A star covered by the dark edgç 

f the moon suddenly disappears, without changing its 

)lour, or experiencing any sensible refraction. Some 

itronomers indeed have imagined that they saw* light**- 

iag in the moon during total eclipses of the sun ; but 

lis no doubt was an illusion^ owing to their eyes being 

itigued by looking too attentively at the sun< Besides, 

there were clouds and vapours in the moon, they would 

Noetimes be seen to conceal certain known parts of her 

irface ; as an observer placed in the moon would cer« 

linly see certain pretty large portions of the earth, such 

I whole provinces, concealed sometimes for days, and 

^tn weeks^ by those clouds, which frequently cover 

lem, during as long a period. M. de la Hire has shown 

Mit ao extent as large as Paris would be perceptible to 

A observer in the moon, if viewed through a telescope 

f 25 feet, or which magnified objects about 100 times. 

k2 
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But if there be no dense atmosphere, no eleration of 
Vapours on the surface of the moon, it is difficult to con^ 
ceive how there can be any kind of vegetation in it ; and 
if this be the case, it can produce neither plants, treee^ 
nor forests, and consequently no animals. It b therefore 
probable that the moon is not inhabited ; besides, if it 
were inhabited by animals nearly nmilar to man, or ea^ 
dowed with some kind of reason, it is hardly to be sup* 
posed that they would not make some changes on tb« 
surface of that globe. But ûnce the invention of the te^ 
lescope, to the present time, no alteration has been ob« 
served in its surface. 

The moon always presents to the earth very nearly Ae 
same face ; and therefore she must have a rotary motion 
about an axis, nearly perpendicular to the ecliptic, Ûtè 
duration of which forms the lunar month ; or in one of 
its hemispheres there must be some cause, which makes il 
incline towards the earth. The latter conjecture is the 
more probable; for why should this revolution of Ae 
moon around its axis be performed exactly in the period 
of its rotation about .the earth î However, as the moon 
always presents the same face to the earth, it thence fol* 
lows, that her whole surface is illuminated by the sun, in 
the course of a lunar month ; the days therefore in the 
moon are equal to about 15 of ours, and the nights 43f the 
same duration. 

But if we suppose, notwithstanding what has been said, 
that there are inhabitants in the moon, they will enjoy a 
Tery singular spectacle : an observer placed towards the 
middle of the lunar disk, for example, will always see the 
earth motionless towards his zenith, or having only a mo» 
tion of nutation, in consequence of reasons which we shalt 
explain hereafter. In short, each inhabitant of that hemi» 
sphere will always see the earth in the same point of bis 
horizon ; while the sun will appear to perform his revos- 
lution in a month. On the contrary! the inhabitants of 
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• pifaer hemisphere will never see the earth ; and if there 
e astronomers in it, some of them no doubt will under*» 
ke a voyage to the hemisphere which is turned towards 
^ for the purpose of observing this sort of motionless 
OQUf suspended in the Heavens like a lamp, and the 
9re remarkable as it must appear to the lunar inhabit- 
Is of a diameter four times as large as that of the moon 
ipears to us ; with a great variety of spots performing 
or revolutions in the interval of 24 hours: for there 
n be no doubt that our earth, intersected by vast seas^ 
:g^ continents, and immense forests, such as those of 
nerica, must exhibit to the moon a disk variegated with 
ipreat noany spots, more or less luminous. 
We have said that the moon always presents the same 
1^ to the earth ; but strictly speaking thisis not exactly 
B case; for it has been found that the moon has a cer« 
|o notion, called libration, in consequence of which the 
stB> nearest the edge alternately approach to or recede 
Hn that edge, by a kind of vibration. Two kinds of 
otttion are in particular distinguished ; one called a 11- 
atk>n in latitude, by which the parts near the austral or 
d boreal poles of the moon, seem to vibrate from north to 
iitby and from south to north, through an arc which 
ly comprehend about 5 degrees. This, however, is a 
ere optical effect, produced by the parallelism of the 
oon^s axis of rotation, which is inclined 2^ degrees to 
e ecliptic. 

The other libration is that in longitude ; which takes 
see around the above axis, at an angle of nearly 7| 
agrees; and as both are combined, it needs excite no 
cruder that this phenomenon should have long been an 
yoct of research to philosophers, though without sug- 
)|8« The causes of the latter are not yet so fully esta- 
ished, as to be beyond doubt. However, it is evident 
iat the inhabitants of the moon, if there really be any, 
ko arc 3it)l^t?d near the edg^ of th^ disk turned towi^rds 
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the earth, must see our globe alternately rise and set^ de< 
scribing an arc of only a few degrees* 

fVI. 
Of Mars ^ 

Mars, which may be easily distinguished by its reddish 
splendour, is the fourth in the order of the primary pla* 
nets. Its orbit incloses that of Mercury, Venus, and the 
earth ; consequently the motions of these planets must 
exhibit to the inhabitants of Mars the same phenomena, as 
are presented by Mercury and Venus to the inhabitants 
of our globe. 

The revolution of Mars around the sun is performed in 
686 days 23 hours SO minutes, or nearly two years. Its 
mean distance from the sun is more than 1} that of the 
earth, or about 144 millions of miles. 

Spots are observed sometimes on the disk of Mars, by 
which it is proved that it revolves on an axis almost per*^ 
pendicular to its orbit ; and that this revolution is com- 
pleted in 24 hours 39 minutes. The days therefore, to 
the inhabitants of Mars, if there are any, must be nearly 
equal to ours ; and the days and nights in this planet must 
be of the same length, since its equator coincides with its 
orbit. As to the size of Mars, it is alniost equal to that 
of our earth. 

§V1I. 

Of Jupiter. 

The next planet to Mars, of the ancient ones, is Ji|- 
piter. Its distance from the sun is above 5 times thaC of 
the earth, being 490 millions of miles. The period of its 
revolution around the sun is 11 years 317'days 12 hours 
20 minutes. Its diameter, compared with that of the 
earth, is as 11 to 1 ; so that its bulk is 1331 times as great 
as that of our globe. 

7his bulk does not prevent Jupiter from revolving 



OP JUPITER. 135 

round his axis with much more irapiditj than our earth, 
'he spots observed on the disk of this planet have indeed 
lown that this revolution is performed in 9h 56m ; so that 
; is more than twice as quick, and as any point in the 
quator of Jupiter is eleven times as far distant from the 
xis as a point of the earth's equator is from the terrestrial 
xis, it thence follows that this point in Jupiter moves with 
velocity about twenty-four times as great. 

It has therefore been observed that the body of Jupiter 
» not perfectly spherical : it is an oblate spheroid, flattened 
t the poles, and the diameter of its equator, is to that 
ossing from the one pole to the other^ according to the 
itest observations made with the most perfect instruments, 
s 14 to 13. 

The axis of Jupiter is almost perpendicular to the plane 
fits orbit; for its inclinatioQ is only 3 degrees: the days 
.nd nights therefore in this planet must be nearly equal at 
dl seasons. 

The surface of Jupiter is for the most part interspersed 
nth spots, in the form of bands; some of them obscure, 
ind otheVs luminous : at certain periods they are scarcely 
âsible; nor are uniformly marked throughout their whole 
sxterit ; so that they are as it were interrupted : their 
lumber also varies; and they can be seen only by the as- 
iistance of good telescopes, or when Jupiter is at his least 
distance from the earth. The year 1773 was exceedingly 
Fayourable for these observations; because Jupiter was 
then as near to the orbit of the earth as possible. 

The distance of Jupiter from the sun being above 5 times 
that of the earth, it is evident that the sun's diameter must 
Appear five times less, or about 6 minutes only ; conse- 
quently the splendor of the sun at Jupiter will be 25 times 
less than it is to the earth. But a light 25 times less than 
that of the sun is still pretty strong, and more than suffici* 
ent to produce a very clear day : the inhabitants therefore 
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of Jupiter, for it is probable that there are some in ÛÂê 
planet, will have no great cause to complain. 

But if they are treated less favourably in this respect 
than the inhabitants of the earth, they possess advantages 
in others ; for while the earth has only one pioon, to make 
up for the absence of the sun, Jupiter has four. Theae 
pioons, or satellites, were first discovered by Galileo ; and 
they enabled him to reply to those who objected in op* 
position to the earth's motion, the impossibility of con- 
ceiving how the moon could accompany the earth during 
its revolution: Galileo's discovery reduced them to si^ 
lence. 

The satellites of Jupiter revolve around him in the 
periods, and at the distances, indicated in the following 
table. 
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The inhabitants of Jupiter then, in this respect, enjoy 
much greater advantages than those of the earth ; for hav- 
ing four moons, some of them must be always above the 
horizon which is not illuminated by the sun: they will 
even sometimes see the whole four, one as a crescent, an- 
other full, and a third half-full : they will see them eclipsed, 
as we see the moon deprived of her light from time to 
time, when she enters the shadow projected by the earthy 
but with this difference, that, being much nearer to Jupiter^ 
considering his bulk, they cannot pass behind him, in re- 
gard to the sun, without suffering an eclipse. 

Astronomers, however, not contented with establishing 
the existence of these moons attached to Jupiter» have 
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n» «Ofe ; for they have calculated their eclipses with 
I amcb correctnessi, at least, as those of our moon. The 
Mitical Ahnanac, and other astronomical Ephemeride% 
Ubit for each day of the month, the aspects of the sateU 
fit of Jupiter, and announce the hour at which their 
lipses will commence, and whether they will be visible 
' not on the horizon of the place : they give also the time 
ben any of these satellites will be hid behind the disk of 
ipiter, or disappear by passing before it. These predic- 
)ns «re opt matters of mere curiosity, since they are of 
"eat utility in determining the longitude. 

§ VIIL 

Of Saturn. 

Saturn, which is still farther from the sun than Jupiter, 
cbibits a most singular spectacle, on account of his seven 
0OD6, and the ring by which he is surrounded. He per- 
irms bis revolution around the sun in 29 years 174 days 
hours 36 minutes; and his mean distance from that 
iminary is about Oi times as great as that of the earth, or 
)0 millions of miles. 

Ât such an immense distance the apparent diameter of 
le sun, to a spectator in Saturn, is no more than ^^ of 
hat it is to us ; and its light as well as heat must be 90 
mes less. An inhabitant of Saturn transported to Lap« 
tod, or even to the polar regions, covered with perpetual 
:e, would experience there an insupportable heat ; and 
^oold no doubt perish sooner than a man immersed in 
oiling water; while an inhabitant of Mercury would 
^eeze in the most scorching climates of our torrid zone. 
It is probable that Saturn has a rotary motion around 
is axis ; but the best telescopes have not yet shown on his 
urfiice any remarkable point, by means of which this ro- 
ation could be ascertained or determined *. 

* Dr. Herscbel having discovered that there are some belt-like appear- 
Qces on this plaaet, simUar to those which are seen oo Jupiter, concluded 
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Nature seems to haye been desirous to indemnify Saturn 
for his great distance from the sun, by giving him seven 
moons, which are called his satellites* ~ Their distances 
from the centre of Saturn, in semi-diameters of that planet, 
and the periods of their revolution, are as expressed in the 
following table. 

Satellites. Distances. 

X « « . T ? ' y ■ • 

II . . • 5i . 

III . . . 8 . 

IV ... 18 
V ... 54 

VI . , . 3| . 

vn . . . 2i . 

Of these satellites, five were discovered by Cassini aD4 
Huygens, before the year 1685 ; and it was imagined therç 
were no more, till two were discovered by Dr. Herschel 
in 1787 and 1788. These are nearer to Saturn than any 
of the other five ; but to prevent confusion in the numr 
bers, with regard to former observations, they are called 
the 6th and 7th satellites. 

The inclination of the first four satellites to the ecliptic, 
is from 30 to 31 degrees. The fifth describes an orbit in- 
clined in an angle of from 17 to 18 degrees to the orbit of 
Saturn. Dr. Herschel observes that this satellite turns 
once round its axis exactly in the time in which it revolves 
about Saturn ; and in this respect it resembles our oiopn. 

We shall not here enlarge on the advantages which this 
planet must derive from so many moons ; what we have 
said in regard to Jupiter is applicable in a greater degree 
to Saturn also. 

that it must revolve on its axis, and with a pretty quick motion. He also 
thinks be has determined from some parts of these belts, which are less bUck 
.than others, that this revolution is performed in 10 hours 16 niiuatet. 
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iut/ something. Still more singular than these seven 
ons, is the ring by which Saturn is surrounded. Let 
reader conceive a globe placed in the middle of a flat 
1 circular body, with a concentric vacuity ; and that 
eye is placed at the extremity of a line oblique to the 
ne of this circular ring. Such is the aspect exhibited 
Saturn when viewed through an excellent telescope; 
1 auch is the position of a spectator on the earth. The 
meter of Saturn is to that of the vacuity of the ring, as 
5 ; and the breadth of the ring is nearly equal to the 
erval between the ring and Saturn. It is fully proved 
\t this -interval is a vacuity ; for a fixed star has been 
ce seen between the ring and the body of the planet ; 
s ring therefore maintains itself around Saturn as a bridge 
Hild do concentric to the earth, and having every where, 
uniform gravity *. 

This body, of a conformation so singular, is alternately 
aminated on each side by the sun ; for it makes, with the 
ine of Saturn's orbit, an invariable angle, of about 31^ 
*'; always remaining parallel to itself, in consequence 
which it presents to the sun, sometimes the one face. 



* This ritig, according to Huygens, is about 22000 miles broad, and its 
istest diameter is in proportion to that of the planet, as 9 to 4. De la 
nde and De la Place inform us, that Cassini saw the edge of this ring, di» 
led into separate parts, nearly equal iu breadth. Hadley also, with an 
cellent 5 J feet reflector, saw the ring divided into two parts. Mr. Short 
d some others thought they saw several divisions on the ring ; but the long 
Btinued and accurate observations of Dr. Herschel seem to confirm the di- 
âdn of the ring into only two concentric parts, almost beyond the possibility 
doubt. The doctor says there is one single dark considerably broad line, 
it, or zone, which he has constantly found on the north side of the ring. 
)ere have been various conjectures in regard to the nature of this ring, 
me have imagined that the diameter of Saturn was once equal to the pre- 
tit diameter of the outer ring, and that it was hollow; the present body. 
ing contained within the former surface, as a kernel is contained within its 
'clI. They suppose that in consequence of some concussion, or other cause, 
«outer shell fell down to the inner body, and lefl only the ring at the 
taur distante Srum the ceiitre,.as we now perceive it. 
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and sometimes the opposite one; the inhabitants thete« 
fore, of the two hemispheres of Saturn^ enjoy the benefit 
of it alternately. Some observations seem to prove that 
it has a rotary motion around an axis perpendicular to îtâr 
plane ; but this has not yet been absolutely proved *• 

Saturn is seen sometimes from the earth without hvi 
ring ; but this phenomenon may be easily explained. 

Saturn's ring may disappear in consequence of tbxem 
causes. 1st. It disappears when the continuation of iti 
plane passes through the sun ; for in that case its surface 
is in the shade, or too weakly illuminated by the sun to be 
visible at so great a distance ; and its edge is too tbin^ 
even though illuminated, to be seen from the earth. This 
phenomenon is observed when Saturn^s place is about 
19* 45' of Virgo and Pisces* 

2d. The ring of Saturn must disappear also, when tbe 
continuation of its plane passes between the earth and the 
sun ; for the flat part of the ring, which is then turned to* 
wards the earth, is not that illuminated by the sun. It 
cannot therefore be seen from the earth ; but its shadow 
may be seen projected on the disk of jSaturn. 

The nature of this singular ring affords much matter for 
conjecture. Some have supposed that it may be a multi- 
tude of moons, all circulating so near each other, that the 
distance between them is not perceptible from the earthy 
which gives them the appearance of one continued body. 
But this is very improbable. 

Others have imagined that it is the tail of acomet, which 
passing very near Saturn, has been stopped by it. Bot 
such an arrangement cf a circulating fluid would be some- 
thing very extraordinary. In our opinion, while we ad» 
mire this work of the sovereign Artist, the Creator of the 
universe, we must suspend our* conjectures respecting die 

* Dr. Herscbel, from some spots he bas seen on tbe exterior of the ring^ 
bas determined that it revolves in about lOJ hours» 
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DM of it, till » farther improTement in telescopes shall 
lie US to obtain new facts to support them, 
lie distance of Saturn from the sun is so great, that all 
.piaiiets are inferior to it, or below it, as Venus and 
cary are, in regard to our earth. Nay, if it be in* 
ted by intelKgent beings, it is very doubtful whether 
r have any knowledge of our existence, and much less 
bat of Mercury and Venus ; for in regard to them, 
'cntj will never be farther from the sun than 2® 25', 
les than 4^ 15', and the earth than 6?; Mars will be 
int from the sun only about 9*, and Jupiter 2B^ 4(/: 
îU therefore be much more difficult for the Satumians 
eè the first three or fouf of these planets, than it is for 
o observe Mercury ; which can scarcely ever be seen, 
t is almost always concealed among the rays of the sun. 
t is however true that the light of the sun is on the other 
d very weak ; and that the constitution of Satum^s 
lespbere, if it has one, may be of such a nature, that 
se planets are visible, as soon as the sun has set. 

§ IX. 
()f the Georgian Planet ^ and other New Planets. 

t was long supposed that Saturn was the remotest planet 
wxr system ; but it is now well known that this is not the 
e, as another still farther distant from the sun was dis- 
rered by Dr. Herschel, in the year 1781. To this planet 
• Herschel gave the name of the Georgium SidtiSj in 
Dour of his present majesty. The French call it Her- 
lel, in honour of the discoverer ; and professor Bode^ of 
rlitt, gave it the name of Uranus, who was the father of 
turn, as Saturn was of Jupiter. An interesting history 
the discovery was presented to the Academy of Sciences 
Brussels, in May 1785, by Baron von Zach of Gotha, 
d is inserted in the first volume of the Memoirs of that 
»demy. 
The distance of this planet from the sun is immense ; 
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being about 180Ô millions of miles, which is double that 
of Saturn. It performs its annual revolution in S3 years 
140 days and 8 hours of our time; and its motion in its 
orbit must consequently be above 7000 miles an hour. To 
a good eye, unassisted by a telescope, it appears like â 
faint star of the fifth magnitude ; and it cannot readily bè 
distinguished from a fixed star with a less magnifying power 
thaii 200. Its apparent diameter, to an observer on the 
earth, subtends an angle of no more than 4 seconds $ hut 
its real diameter is about 35000 miles, and therefore it must 
b,e about 80 times as big as the earth. Hence we may 
infer, as the earth cannot be seen under an angle of quite 
a second by the inhabitants of the Georgian planet^ thatk 
has never yet been discovered by them, unless their cye« 
and instruments are considerably better than ours. The 
orbit of this planet is inclined to the ecliptic at an angle of 
46 minutes 26 seconds ; but as no spots have been dis^ 
covered on its surface, the position of its axis, and the 
length of its day and night, are not known. 

On account of the immense distance of the Georgian 
planet from the sud^ it was highly probable that it was ac- 
companied with several satellites or moons; and the high 
powers of Dr. Herschel's telescopes indeed enabled him to 
discover six ; but there may be some others, which be has 
not yet seen. The first and nearest the planet, revolves at 
the distance from it of 12} of its semi-diameters ; and per- 
forms its revolution in 5 days 21 hours 25 minutes ; the se- 
cond revolves at the distance from the primary of 16j| of 
its semi-diameters, and completes its revolutions in 18 days 
17 hours 1 minute; the third, at the distance of 19 seaii- 
diameters, in 10 days 23 hours 4 minutes ; the fourth, at 
22 semi-diameters, in 13 days 11 hours 5 minutes; the 
fifth, at 44 semi-diameters, in 38 days 1 hour 49 minutes^ 
and the sixth, at 88 semi-diameters, in 107 da3's 16 hours 
40 minutes. It is remarkable that the orbits of these satel- 
lites are almost all at right angles to the plane of the 
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iptic{ and that the motion of every one of them, in their 
Q orbitSy is retrograde, or contrary to that of all the 
er known planets. 

Seudes the Georgian, four other planets have lately 
in discovered; a circumstance which leaves room to 
jecture that there may be many more of such primary, 
ugh small planets. 

The first of these four was discovered, on Jan. 1, 1801, 
first day of the present century, by M. Piazzi, an in* 
lions astronomer at Palermo, in the island of Sicily. In 
er to preserve the honour of this discovery,as well as the 
enrations, to himself, he kept it secret, till, on the 11th 
February, he was compelled by sickness to discontinue 
observations. This celestial phenomenon is an inter- 
diate planet between the orbits of Mars and Jupiter, 
[ appears as a star of the 8th magnitude. This planet 
been named Ceres Ferdinandeaj by the discoverer, 
ugh some astronomers call it Piazzi^ after that gentle- 
n's own name, and which perhaps would be the best 
Y of naming and distinguishing all the new planets, 
is planet is but of very small size, its apparent diameter 
Bg only about a second and a half, and its real diameter 
>ut one-seventh of that of the earth, or half that of the 
on, or nearly 1000 miles. Its distance from the sun is 
)ut 2 times that of the earth and three-fifths ; and its 
iodic time, in revolving around the sun, about 4 years 
1 2 months. The eccentricity of its orbit is about *0364 
its mean distance. 

The second of these planets, named Pallas^ or OlberSy 
s accidentally discovered on the 28th of March 1802, 
Dr. Olbers, of Bremen, as he was looking out for the 
mer, or Piazzi, which it niucli resembled when viewed 
th the telescope, appearing, like it, \\ithout either atmo- 
lere or nebula, as a fixed star of the 7th or 8th magni« 
le. OUbers is much smaller however, and supposed to 
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be but about 140 miles in diameter. It is also tbougbt to 
move in an orbit very eccentric, almost like a comet ; so 
much so, that though at its nearest distance it be between 
Mars and Ceres, yet at its farthest distance it goes off 
much beyond the latter. Its mean distance from the sun 
may be about 2 and one-tenth that of the earthy which 
places it between Mars and Ceres. 

The third of these new planets was discovered Sept. if 
1804, at 10 o'clock in the evening, by M. Harding, astro« 
nomer at the Observatory of Lilienthal, near Bremen in 
Germany. It appeared very small, like a star of the 8th 
magnitude, and which he named Juno, though others g^ve 
it more properly the name of the discoverer, after the 
manner of the two former. Observations have determined 
that the period of this planet is 5| years; the inclination of 
its orbit 21*; its eccentricity a quarter of its radius, which 
radius, or mean solar distance, is 3 times that of the earth, 
or about SOD millions of miles, and consequently is a little 
more than the other two new planets, Piazzi and Olbers^ 
these being about 288 millions of miles, and is also nearly 
of the same size as those two planets. 

The fourth of these new planets was discovered at 
Bremen, March the 29th, 1807, by Dr. Olbers, the dis- 
coverer of the 2d new planet also. He gave it the name 
Vesta, but may more appropriately be called Olbers' 2d. 
This is another of the group of new planets, which revolve 
round the sun, between Mars and Jupiter, at nearly equal 
distances from it, and all nearly equal in size and period. 

It is remarkable that several astronomers have formerly 
imagined that some planet would be discovered in the 
large space between the orbits of Mars and Jupiter: a 
prediction which has been amply fulfilled by the discovery, 
not of one only, but of four planets, in that space. And 
probably there may even exist many more planets, not 
only in that space» but scattered about among or beyond 
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lie other planetary orbits, which may long revolve 
sp and undiscovered, by reason of the smallness of 
«se. 

Of Comets. 

Mnets are not now considered, as they were formerly^ 

; signs of celestial vengeance ; the forerunners of war, 

te, or pestilence. Mankind in those ages must have 

exceedingly credulous to imagine, that scourges con- 

I to a very small portion of tbe globe, which itself i^ 

a. point in the universe, should be announced by a 

ogement of the natural and immutable order of the 

ens. Neither are comets, as supposed by the greater 

of tbe ancient philosophers, and those who trod in 

footsteps, meteors accumulated in the middle of the 

Astronomic;al observations made at tbe same time, in 

rent parts of the earth, have shown that they are 

ys at a distance much greater than that even of tbe 

D; and consequently that they have nothing in com- 

with the meteors formed in our atmosphere. 

he opinions entertained by some ancient philosophers, 

I as Appollonius the Myndian, and particularly Seneca, 

iheen since confirmed. According to these philoso- 

ri> comets are bodies as old and as durable as the planets 

Qsdves; their revolutions are regulated in the same 

iQ^r ; and if they are seldom seen, it is because they 

form their courses in such a manner, that in a part of 

r orbits they are so far distant from the earth as^ to be- 

le invisible ; so that they never appear but when in the 

er part of them* 

lewton and Halley, who pursued the same path,, have 
ved by the observations of different comets, which ap-r 
red in their time, that they describe elliptical or|>its 
und tbe sun, which is placed in one of the. foci; and 

^OL* 111. L 
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that the only difference between these orbits and those of 
the planets is, that the orbits of the latter are nearly 
circular, whereas those of comets are very much elongated ; 
in consequence of which, during a part of their coarse, 
they approach near enough to our earth to become visible ; 
but during the rest they recede so far from us, as to be 
lost in the immensity of space. These two philosophers 
have taught us also, by the help of a small ndmber of 
observations, made in regard to the motion of a cornet^ 
how to determine the distance at wMch it has passed, or 
will pass, the sun ; as well as the period when it is at its 
least distance, and its place in the heavens for any giv^en 
time. Calculations made according to these prindpki 
agpree in a surprising manner with observations. 

The modern philosophers have even done more ; thqr 
have determined the periods of the return of some of these 
comets. The celebrated Dr. Halley, considering that 
comets, if they move in ellipses, ought to have periodical 
revolutions, because these curves return into themselves^ 
examined with great care the observations of three cometl, 
which appeared in 1531 and 1532, 1607, and 1682; and 
having calculated the position and dimensions of thehr 
orbits, found them to be nearly the same, and consequendy 
that these comets were only one, the revolution of which 
was completed in about 75 years : he therefore ventured 
to predict that this comet would re-appear in 1758, or 
1759 at latest. It is well known that this prediction was 
verified at the time announced ; hence it is certain tbml 
this comet has a periodical revolution around the sun, in 
75 years and a half. According to the dimensions of its 
orbit^ determined by observations, its least distance from 
the sun is t-^^ of the semi-diameter of the earth's orbit ; 
it afterwards recedes to a distance which is equal to 85) 
of these semi-diameters; so that its greatest elongation 
from the sun, is about four times as great as that of Saturn. 
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le incKnation of its orbit to the ecliptic, b 17^ 4(/y in 
ine proceeding from 2d^ 45' of Taurus to 28^ 45' of 
iyr|rio. 

niere are still two comets, the return of wbicb is ex- 
ted witb some sort of foundation; viz, that of 1556, 
3ected in 1846 ; and that of 1680 and 1681, which it is 
iposad, though with less confidence, will re-appear 
lilt 4Si5Q. The latter, by the circumstances which at- 
ided its apparition, seems to be the same as that seen, 
Mding to history, 44 years before the christian sera, 
9 in 58 1 , and in 1 106 ; for between all these periods there 
m interval of 575 years. There is reason therefore to 
ypose that this comet has an orbit exceedingly elongated, 
I that it recedes from the sun about 1 35 times the distance 
the earth. 

EVhat is very remarkable also in this comet is, that in 
1 lower part of its orbit it passed yery near the sun; 
(f is, at a distance from its surface which scarcely ex- 
sdied a sixth part of the solar diameter; hence Newton 
ichides, that at the time of its passage it was exposed to 
leat SKKK) times greater than that of red-hot iron. This 
ly therefore must be exceedingly compact, to be able 
reâst so prodigious a heat, which there is reason to 
nk would volatilize all the terrestrial bodies, with whidi 
are acquainted. 

At present there are near 100 comets, the orbits of which 
re been calculated ; so that their position, and the least 
tance at which they must pass the sun, are known, 
hen a hew comet therefore shall appear, and describe 
s same, or nearly the same path, we may be assured that 
is a comet which has appeared before: we shall then 
ow the period of its revolution, and the extent of its 
is, which will determine the orbit entirely: in short we 
ril be enabled to calculate the times of its return^ and 
ber circumstances of its motion, in the same manner as 
ose of the other planets. 

l2 
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Comets have this in particular, that they are often ac- 
cooipanied by a train or tail. These tails or trains are 
transparent, and of greater or less extent ; some have been 
seen which were 45, 50, 60, and even 100 degrees in 
length, as was the case with those of the comets which 
appeared in 16 IS and 1680. Sometimes however the tail 
consists merely of a sort of luminous nebula, of very little 
extent, which surrounds the comet in the form of a ring^ 
as was observed in the comet of 1585: it frequent^ 
.happens that these tails cannot be seen unless the heaveos 
be exceedingly serene, and free from vapours* The 
celebrated comet, which returned about the end of the 
year 1758, seemed at Paris to have a tail scarcely 4 de* 
grees in length; whereas some observers at Montpelier 
found it to be 25^; and it appeared still longer to others 
at the Isle of Bourbon. 

In regard to the cause which produces the tails of cometf^ 
there are only two opinions which seem to be founded on 
probability. According to Newton, they are vapours 
raised by the heat of the sun, when the comet descends 
into the inferior regions of our system. It is therefore 
observed that the tail of a comet is longest when it has 
passed its perihelion; and it always appears longer the 
nearer it approaches to the sun. But this opinion is at- 
tended with considerable difficulties. According to M. de 
Mairàn, these tails are a train of the zodiacal light, with 
which comets become charged in passing between the 
earth and the sun. It is remarked that comets which do 
not reach the earth's orbit, have no sensible tail ; or are at 
most surrounded by a ring. Of this kind was the comet 
of 1585, which passed the sun at a distance ^ greater than 
that of the earth; the comet of 1718, which passed at a 
distance almost equal to that of 1729, that is at a distance 
nearly quadruple; and that of 1747, which passed at a 
distance more than double. It is indeed true, that the 
comet of 1664, which passed at a greater distance from 
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son than that of the earth, appeared with a tail^ but it 
I of a moderate size; and as the distance of its peri- 
ion was very little more than that of the earth from the 
r, and as the solar atmosphere extends sometimes he- 
ld the earth*s orbit, no objection of any great weig^ 
I tbence be made, in opposition to the opinion of M. de 
iran. 

ff« shall remark, in the last place, that while the other 
nets perform their revolutions in orbits very little in- 
led to the ecliptic, and proceed in the same direction, 
nets on the other liand move in orbits» the inclination 
which to the ecliptic amounts even to a right angle, 
sides, some move according to the order of the signs, 
1 are called direct; others move in a contrary direction, 
I are called retrograde. These motions being combined 
:b that of the earth, give them an appearance of irregu- 
icy, which may serve to excuse the ancients for having 
» in an error respecting the nature of these bodies. 
It has been already said that there are some comets 
ich pass very near the earth; and hence a catastrophe 
Û to our globe might some day take place, had not the 
tity, by particular circumstances, provided against any 
ndent of the kind. 

A comet, indeed, like that of 1744, which passed at a 
itance from the sun only greater by about a 50th than 
s radius of the earth^s orbit, should it experience any 
rangement in its course, might fall against the earth or 
3 moon, and perhaps carry away from us the latter. As 
^altitude of comets descend into the lower regions of 
r system, some of them, in their course towards the sun, 
igbt pass so near the orbit of our earth, as to threaten 
with a similar misfortune. But the inclination of the 
bits of comets to the ecliptic, which is exceedingly 
•ried, seems to have been established by the Deity to 
event that effect. It would be a curious calculation to 
'termine the least distances at which some of these comets 
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pass the earth: we should by these means be enabled to 
know those from which we have any thing to apprehend; 
diat is, if it could be of any utility to be acquainted mth 
the period of such a catastrophe ; for where is the ad- 
vantage of foreknowing a danger which can neither be 
retarded nor prevented ? 

An English astronomer^ who possessed more imaginattoa 
and learning, than soundness of judgment, the celebrated 
Whiston, entertained an opinion that the deluge was oo 
çasioned by the earth's meeting with the tail of a comet, 
which fell down upon it in the form of vapours and rain : 
he advanced also a conjecture, that the general confls^ra- 
tion, which according to the Sacred Scriptures is to pre- 
cede the final judgment, will be occasioned by a comet 
like that of 1681 ; which returning from the sun, with a 
heat two or three thousand times greater than that of red> 
hot iron, will approach so near the earth as to bum even 
its interior parts* Such assertions are bold ; but they reat 
on a very weak foundation ; and in regard to a general 
deluge, occasioned by the tail of a comet, we need be 
under very little apprehension on thtt head; for if we coBr 
sider the extreme tenuity of the ether in which the cometa 
float, it may be readily conceived that the whole tail of a 
comet, even if condensed, could not produce a quantity 
of water suflicient for the efiect ascribed to it by Whistonu 

Cassini thought he observed that comets pursue their 
course in a kind of Zodiac, which he even denoted by the 
following verses : 

Antinaiis Pegasmquey Andromeda^ Taurus^ Orion, 
Procyon atgtie Hydrus^ Centaurus, Scorpio^ Arctis. 

But the observations of a great number of comets have 
shown that this supposed Zodiac of comets has no reality. 
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Of the Fixed Stars. 

As it now remaias for us to spealf of the fixed stars, we 
shall here collect every thing most curious in the modern 
astronomy on this subject. 

The fixed stars may be easily distinguished from the 
planets. The former, at least in our climates, and when 
they are of a certain magnitude, have a splendour accom- 
pMiied with a twinkling called scintHlatinu But one thing 
by which they are particularly distinguished is, that they 
do not change their place in regard to each other, at least 
in a sensible manner : they are therefore a kind of fixed 
points in the heavens, to which astronomers have always 
referred the positions of the moving bodies, such as the 
moon, the planets^ and the comets. 

We hare said that the fixed stars in our climates exhibit 
« sort of twinkling. This phenomenon seems to depend 
on the atmosphere; for we are assured that in certain parts 
of Asia, where the air is exceedingly pure and dry, as at 
Bender-Abassi, the stars have a light absolutely fixed ; and 
that the scintillation is never observed, except when the 
air is charged with moisture, as is the case in winter. 
This observation of M. Garcin, which was published in 
the History of the Academy of Sciences for 1743, deserves 
to be farther examined. 

The distance between the fixed stars and the earth is so 
immense, that the diameter of the earth's orbit, which is 
190 millions of miles, is in comparison of it only a point; 
for in whatever part of its orbit the earth may be, the ob- 
senrations of the same star show no difference in its aspect; 
so that it has no sensible annual parallax. Some astrono* 
ners however assert that they discovered, in certain fixed 
stars, an annual parallax of a few seconds. Cassini, in a 
memoir on this parallax, says he observed in Arcturus an 
annual parallax of seven seconds, and in the star cali^ 
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Capella, one of eight. This would make the distance of 
the sun from the former of these stars equal to about 
20250 times the radius of the earth^s orbit, which, being 
95 millions of miles, would give for that distance 
19237500000000 miles. Between the fixed stars and the 
Georgian planet, which is the most distant of our systen^ 
there would therefore remain a space equal to more than 
10000 times the distance of that planet from the sun. 

Placed at such an immense distance from us, what can. 
thé fixed stars be but immense bodies,' which shine by. 
their own light; in short, suns, similar to that which 
afibr^s us heat, and around which our earth performs its 
revolutions? It is very probable also that these suns, ao-- 
cumulated as we may say on each other, have the same. 
destination as ours; and are the centres of so many. 
planetary systems, which they vivify and illuminate. It 
would however be ridiculous to form conjectures respect» 
ing the nature of the beings by which these distant bodiea. 
are peopled ; but of whatever kind they may be, who can> 
believe that our earth, or our system, is the only one in- 
habited by beings capable of enjoying the pleasure which 
arises from the contemplation of such noble works ? Who» 
can believe that an immense whole, a creation almost 
without bounds, should have been formed for an imper* 
ceptible point, a quantity infinitely small ? 

The apparent diameter of the fixed stars is in no manner 
magnified by the best telescopes; on the contrary, these 
instruments, while they increase their splendour, seem to 
diminish their magnitude so much, that they appear only 
as luminous points ; but they show in the heavens a mnU 
titude of other stars, which cannot be observed without 
their assistance. Galileo, by means of his telescope, which- 
was far inferior to those now employed, counted in the 
Pleiades 36 stars, invisible to the naked eye; in the sword 
and belt of Orion 80; in the nebula of Orion's head 21^ 
and ih thAt of Cancer 36. Father de Rbeitau aays^ hfit 
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aiited 2000 in Orion, and 188 in the Pleiades. In that 

rt of the Austral heniisphere,coroprehended between the 

le and the tropic , the Abbé de la Caille observed more 

m 6000 of the 7th magnitude, that is to say perceptible 

th à good telescope, of a foot in length ; a longer tele* 

)pe shows others apparently more distant, and so in 

ogression perhaps without end. What immensity in 

; works of the Creator! And how much reason to ex« 

lim with the Psalmist : ** The heavens declare the glory 

God, and the firmament sheweth his handy work !*' 

The fixed stars seem to have a common and general 

ition, by which they revolve around the pole of the 

liptic, at the rate of a degree in 72 years. It is in con- 

juence of this motion that the constellations of the zodiac 

ve all changed their positions. Aries occupies tlie place 

Taurus, the latter that of Gemini, and so of the rest; so 

It the constellations or signs have advanced about SO 

grees beyond the dnrisions of the zodiac to which they 

ve names. But this motion is only apparent, and not 

il; and arises from the equinoctial points going back 

ery year about 51 seconds on the ecliptic. The ex- 

anation of this phenomenon however is of such a nature, 

not to come within the object of this work. 

It has always been believed that the fixed stars have no 

^I motion, or at least no other than that by which they 

'^nge their longitude. But it has been discovered, by 

e very accurate observations of modern astronomers, 

^t some of them have a small motion peculiar to thetn* 

I^es, by which they slowly change their places. Thus 

rcturus, for example, has a motion by which it ap- 

'oaches the ecliptic about 4 minutes every 100 years. 

be distance between this star and another very small one, 

its neighbourhood, has been sensibly changed in the 

^Urse of the last century. Sirius also seems to have a 

'otion in latitude, of more than 2 minutes per century, 

y which It recedes from the ecliptic. A similar motiou 
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bos been observed in Aldebaran or the Bull's Eye; in 
lUgel ; in the eastern shoulder of Oriop ; in the Goat, the 
Eagle, Sec. Some others seem to have a peculiar motion 
in a direction parallel to the equator, as is the case with 
the brilliant star in the Eagle; for in the course of 48 
years it hsus approached one star in its neighbourhood 13% 
and receded, from another 48''. All the stars perhaps are 
subject to a similar motion ; so that in a series of ages the 
heavens will a£Pord a ,spectacle very different from what 
they 4o at present. So true it is that nothing in the uni- 
verse is permanent! — ^In regard to the cause of this motion, 
however astonishing it may at first seem, it will appear 
less so if it be recollected that it has been demonstrated by 
Newton, that a whole planetary system may have a pro- 
gressive and uniform motion in space, without the par* 
ticular motion of the different parts being thereby disturbed. 
It needs therefore excite no surprise that suns, as the fixed 
stars are, should have a motion of their own. The state of 
rest being of one kind only, and that of motion in any di- 
rection being infinitely varied, we ought rather to be asto» 
nished to see them absolutely at rest, than to discover in 
them any movement. 

But these are not the only phenomena exhibited to os 
by the fixed stars; for some have appeared suddenly, and 
afterwards disappeared. The year 1572 is celebrated for 
a phenomenon of this kind. In the month of November 
of that year, an exceedingly bright star suddenly appeared 
in the constellation of Cassiopeia: its splendor at first was 
equal to that of Venus when in its perigeum, and then to 
that of Jupiter when he exhibits the greatest brightness ; 
three months after its appearance it was only like a fixed 
star of the first magnitude: its splendor gradually de- 
creased till the month of March 1574, at which time it 
entirely disappeared. 

There are other stars which appear and disappear 
regularly at certain periods: of this kind is that in the neck 
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die Whale. When in its state of greatest brightness it 
nearly equal to a star of the second magnitude; it re- 
ds this splendor for about fifteen days, after which it 
Hnaga fiûnter, and at length disappears: it then re- 
jiearsy and attains to its greatest splendor, after a period 
ibout 330 days. 

The constellation of the Swan exhibits two phenomena 
the same kind ; for in the breast of the Swan there is a 
r which has a period of 15 years, during 10 of which i^t 
mvisible: it then appears for 5 years, varying in its 
gnitade and splendor. Another, which is situated in 
i neck near the bill, has a period of about 13 months. In 
2 same constellation a star was observed in 1 670 and 1 67 1 y 
dch disappeared in 1672, and has never since been seen. 
Hydra also has a star of the same kind, which is attend* 
with this remarkable circumstance, that it appears only 
nonths ; after which it remains invisible for 20, so that 
period is about two years. 

In the last place, some stars seem to have become ex- 
ict since the time of Ptolemy ; for he enumerates some 
his catalogue which are not now to be seen: others 
ve changed their magnitude ; this diminution of size is 
o?ed in regard to several of the fixed stars ; among this 
imber may be classed the star b in the Eagle, which at 
e beginning of the last century was the second in 
lendor, but which at present is scarcely of the third 
agnitude. Of this kind also is a star in the left leg of 
vpentarius or Ophiucbus. 

It now remains that we should say a few words respect* 
g those stars called nebulae. They are distinguished by 
lis name because, when seen by the naked sight, they 
>pear only like a small luminous cloud. There are three 
^ds of them. Some consist of an accumulation of a 
feat number of stars, crowded together, and as it were 
^ped upon each other; but when viewed through a 
^ope, they are seen distinct, and without any nebuleus 



156 ASTRONOMY AND OEOGBAPHY. 

appearance. Among these is the famous nebula of Cancer^ 
01 the prasepe Cancri^ forming a collection of 25 or SO 
stars, which may be counted by means of a telescope. 
Similar groupes may be seen in various parts of the 
heavens. 

Other nebulae consist of one or more distinct stars, but 
accompanied or surrounded by a whitish spot, through 
which they seem to shine. There are two of this kind in 
Andromeda ; one in the girdle^ and another smaller about 
a degree farther south than the former. Of this kind also 
is that in the head of Sagittarius ; that between Sinus and 
Procion ; that in the tail of the Swan ; and three in Cassi- 
opeia. It is probable that our sun appears under this form, 
when seen from tlie neicfhbourhood of those fixed stars 
which are situated towards the prolongation of his axis ; 
for he has around him a lenticular and luminous atmo- 
sphere, which extends nearly to the earth. TThe abbé de 
la Caille counted in the Austral hemisphere fourteen stars, 
surrounded in this manner with nebulosities ; but the most 
remarkable appearance of this kind, is that of the nebula 
in the sword of Orion ; for, when viewed through a tele- 
scope, it is found to be formed of a whitish spot, nearly 
triangular, and containing seven stars, one of which is itself 
surrounded by a small cloud, brighter than the rest of the 
spot. One is almost inclined to believe that this spot has 
experienced some alteration since the time of Huygens, 
by whom it was discovered. 

The third kind of nebulae are composed of a white spot, 
in which no stars are seen when viewed with the telescope. 
Fourteen of this kind are found in the Austral hemisphere, 
among which the celebrated spots, near the South pole, 
called by sailors the Magellanic clouds^ l>old the first rank. 
They are like small detached portions of the milky way. 
But it^may be thought an error to ascribe the Splendor of 
that part of the heavens to small stars accumulated there 
in a greater multitude than any where else \ for it does net 
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.contain a number, visible by common télescope^;, s(ïfficient 
to produce that effect ; and there are portions of the milky 
way no less brilliant than the rest, though no stars are 
observed in them, unless with the very highest improved 
instruments. 

Respecting the milky way, nothing certain is known ; 
but we may conjecture, not without probability, that it 
consists of some matter, simitar to that of the solar atmo- 
sphere, and which is diffused throughout that celestial 
space*. If our whole system indeed were filled with a 
«milar matter, it would exhibit to the neighbouring fixed 
stars the same apearance as the milky way. But why are 
all these systems, with which that part of the heavens is 
interspersed, filled with this luminous matter? To this 
question no answer certainly can be given. 

We shall here remark, that the famous new star in 
Cassiopeia had its origin in the milky way, and was per- 
haps formed by a prodigious quantity of this luminous 
matter being precipitated on some centre. But it is more 
difficult to explain why, and in what manner, the star dis- 
appeared* This origin of the new star may acquire some 
probability, if it be true that in the part of the milky way 
where it was seen, there is a vacuity similar to the other 
parts of the lieavens. 

§ XII. 

Recapitulation of what has been said respecting the Si/stem of 

the Universe. 

We shall terminate this chapter with a familiar com- 
parison, calculated to show, by known and common mea« 
sures, the small space which our planetary system occupies 
in the immensity of the universe; and the poor figure, if 
we may be allowed the expression, which our earth makes 
in it. This consideration Avill no doubt serve to humble 

* Unlessy with Dr. Henchel, we ittppose it is a far extended stratum of 
stars, by us seea edgeways. 
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those proud beingsr^ who^ though they occupy but an in* . 
finitely small portion of this atom, hare the yanity to think 
that the universe was created for them. 

To form an idea of our system as compared with the 
universe, let us suppose the sun to be in Hyde Park, as a 
^globe of 9 feet S inches diameter : the planet Mercury will 
he represented by a globule of about -f- of a line in diameter, 
placed at the distance of 37 feet. Venus will be a globe 
of little more than a line in diameter circulating at the 
distance oJF 68 feet from the same centre: if another 
globule, a line in diameter, be placed at the distance of 95 
feet, it will represent the earth, that theatre of so many 
passions, and so much agitation; on the surface of whidi 
the greatest potentate scarcely possesses a point, and 
where a space often imperceptible excites, among the ani- 
malcula that cover it, so many disputes, and occasions so 
'much bloodshed. Mars, which in magnitude is somewhat 
inferior to the earth, will be represented by a globule of a 
little less than a line in diameter, and placed at the distance 
of 144 feet; Jupiter by a globe 10 lines in diameter, 490 
feet from the central globe ; Saturn about 7 lines in di- 
ameter, at the distance of about 900 feet ; and the Georgian 
planet, 4 lines in diameter, at the distance of ISOO feet. 

But the distance from the Georgian planet to the nearest 
fixed stars, is immense* The reader may perhaps imagine 
that, according to the supposition here made, the first star 
ought to be placed at the distance of two or three leagues. 
This is the idea which one might form before calculation 
has been employed ; but it is very erroneous, for the first, 
that is to say the nearest star, ought to be placed at the 
same distance as that between London and Edinburgh, 
which is more than 300 miles. Such then is the idea which 
we ought to have of the distance between the sun and the 
nearest of the fixed stars ; and there is reason even to think 
that it is much greater, for we have supposed, in this 
calculation, that the parallax of the earth^s orbit is the 
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le M die horizontal parallax of the son^ that is to ny 
^ But it is probable that this parallax is much leas; 
it can hardly be believed that it could hare escaped 
tHioiners had it been so great, 

>or solar system then, that is, the system of our primary 
secondary planets, which circulate around the sun, is 
he distance of the nearest-fixed stars, almost as a circle 
ISOO feet radius, would be to a concentric one of 8(X> 
es radius ; and in the first circle our earth would occupy 
ttce a line in diameter, appearing like a grûn of mustard 
i. 

• 

Loother comparison, proper to conyey some idea of the 
oense distance between the sun, which is the centre of 
' sjrstem, and the nearest of the neighbouring bodies of 
same nature, is as follows : It is well known that the 
3ci^ of light is so great, that it passes orer the distance 
ween the sun and the earth in about half a quarter of 
hour : in a second and a half it would go to the moon 
1 return, or rather it would go fifteen times round the 
th in a second. What time would light then employ in 
ning to us from the nearest of the stars? — ^Not less than 
) days ; or if the annual parallax be only 2 or 3 seconds, 
ich appears very probable, it would require â year and 
tre. 

IVhat immense distance then between this inhabited 
int and the nearest of its neighbours ! Is it not probable 
It in this vast interval there are planets which will re» 
lin for ever unknown to the human species? 
Modern astronomy indeed has discovered that this space 
not entirely desert: it is now known that about a 
ndred comets move in it, at greater or less distances, 
it do not penetrate to a very great depth. Those of 
31, 1607, 1682, and 17^9, the only ones the periods and 
bits of which are known, do not immerge farther than 
tout 37 i times the radius of the earth's orbit, or four 
nes the distance of Saturn from the sun. If that of 1681 
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has a revolution of 575 years, as supposed, it must recede 
from us about 130 times the distance of the earth from thft 
sun, or about 14 times that of Saturn from the same body ; 
which is only a point when compared with the nearest of 
the fixed stars. But there are comets perhaps which per- 
form their revolution only in 10000 years, and which 
scarcely approach so near the sun as Saturn : in that case 
these would penetrate into the immense space which sepa- 
rates us from the first of the fixed stars, as far as ia fiftieth 
part of its depth. 

Those desirous of seeing a great many curious conjeCf 
tures respecting the system of the universe, the habitation 
of the planets, the number of the comets, &c, may consult 
^ work by M. Lambert, member of the royal Academy of 
Berlin, entitled Système du Monde^ Bouillon 1770, 8vo; 
Every one almost is acquainted with the Pluralité des 
Mondes of Fontenelle ; the Cosniotkeoros of Huygens, the 
Somnium of Kepler, and the Iter extaticum of Kircher. 
The first of these, the Pluralité des Mondes j is an ingenious 
and pleasing work, but a little too affected. The second 
is learned and profound, and, like Kepler's Somnium^ will 
please none but Astronomers. In regard to the last, how- 
ever much we may esteem the memory of Kircher, it can 
be considered in no other light, than as a production alto- 
gether pedantic and ridiculous. 



CHAPTER III. 

Of Chronology, and various Questions relating to that 

Subject. 

All polished nations keep an account of the time which 
has elapsed, and of that which is to come, by means of 
periods that depend on the motions of the heavenly bodies; 
and this is even one of those things which distinguish man 
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in a fliate of civilisation » from man in the animal and «u 
Tige state : for, while the former is enabled at every mo^- 
meiit to count that part of the duration of his existence 
which has elapsed ; to foresee, at an assigned period, the 
recurrence of certain events, labours or duties ; the latter» 
though in some measure happier, since he enjoys the pre- 
seiU without recollecting the past, or anticipating the 
future, cannot tell his age, nor foresee the period of the 
renovation of his most common occupations: the most 
striking events of which be has been a witness, or in which 
be has had a share, exist in his mind only as past : while 
the civilised man connects them with precise periods and 
dates, by which they are arranged in their proper order. 
Without this invention, every thing hitherto done by man« 
kind would have been lost to us ; there would be no his- 
toricat records ; and men, whose existence in the social 
state requires the united efforts of its diffisrent members in 
certain circumstances, could not employ that concurrence 
of action which is necessary. No real civilized society 
therefore can exist without an agreement to count time in 
a regular manner ; and hence the origin of chronology, 
and the various computations (^ time employed by dif- 
ferent nations. 

But, before we proceed farther, it will be proper to 
present the reader with some definitions, and a few his- 
torical fiu^ts, necessary for comprehending the questions 
;irhich will be proposed in the course of this article. 

There are two kinds of year employed by different na- 
tions; one of which is regulated by the course of the sun, 
and the other by that of the moon. The first is called the 
solar, and the second the lunar year. The solar year is 
measured by a revolution of the sun through the ecliptic, 
fiom one point of the equinoctial, v that of the vernal equi* 
nw for example, to the same point again ; aiid> as already 
said, consists of 365 days 5 hours 49 minutes. 

The lunar year consists of twelve lunations i and its , 

VOL. IIT. M 
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duration is 354 days 8 hours 44 minutes S seconds. Hence 
it follows that the lunar year is about 11 days shorter than 
the solar ; consequently, if a lunar and a solar year conK* 
mence on the same day, at the end of three years the com- 
paencement of the former will have advanced 3S days be- 
fore that of the latter. The commencement therefore of 
the lunar year passes successirely through all the months 
of the solar year, in a retrograde direction. The Arabians, 
and Mussulamsin general, count only by lunar year»; and 
the Hebrews and Jews nerer employed any other. 

But the most polished and enlightened nations have al-» 
ways endeavoured to combine these two kinds of year to- 
gether. This the Athenians accomplished by means of the 
famous golden cycle, invented by Meto, the celebrated 
mathematician whom Aristophanes made the object of hii 
satirical wit ; and the same thing is done at present by the 
Europeans, or the Christians in general, who have borrow-* 
ed from the Romans the solar year for civil uses ; and 
from the Hebrews their lunar year for their ecclesiastical 
purposes. " 

Before Julius Csesar, the Roman calendar was in the ut- 
most confusion ; but it is here needless to enter into any 
details on the subject : it will be sufficient to observe, that 
Julius Cœsar, being desirous to reform it, supposed, ac- 
cording to the suggestion of Sosigines bis astronomer, that 
the duration of the year was exactly 365 days 6 hours. 
He therefore ordered that, in future, there should be three 
successive years of 365 days, and a fourth of 366. This 
last year was afterwards distinguished by the name of bis- 
sexiile^ because the day added every fourth year followed 
the sixth of the calends which was counted twice \ and be- 
cause, to avoid any derangement in the denomination of 
the following days, it was thence called bis sexto calendes» 
Among us it is added to the end of February, which has 
then 29 days instead of 28, which is the number it contains 
in common years. This form of year is called the JuKan 
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'pCTj and the calendar in which it is employed^ is catled 
the Jnltah takndar. 

Bat Julias Caesar was mistaken^ when he considered tho 
year as consisting exactly of 365 days 6 hours, as it con- 
tains only 365 days 5 hours 49 minutes ; and hence it fol- 
lows that the equinox always retrogrades in the Julian 
yter 11 minutes annually; which gives precisely 3 days 
in 400 years. Hence it happened that the vernal equi- 
ikxX| which at the time of the council of Nice corresponded 
to the 2l8t of March, after the lapse of about lf?00 years, 
(htt is to say in the year 1500, fell about the 1 1th. Pope 
Gregory xin, being desirous to reform this error, sup- 
pressed, in 15S2, ten consecutive days ; counting after the 
Hth of October the !21st, and by these means brought 
back the rernal equinox following to the 21st of March ; 
snd, in order that it might never deviate any more, he 
propcM^ that three bissextiles should be suppressed in the 
course of 400 years. For this reason the years 1700 and 
1100 were not bissextile, though they ought to have been 
80 according to the Julian Calendar; the case will be the 
same with the year 1900, but the year 2000 will be bissex- 
tile; in like manner llie years 2100, 2200 and 2300 will 
not behissextile ; but 2400 will ; and so of the rest. 

AH this is sufficient, and more than sufficient, for the 
^r year. But the great difficulty of our calendar arose 
A'om the lunar year, which it was necessary to combine 
^th it ; for, as the Christians had their origin among the 
Jews, they were desirous of connecting their most solemn 
f*^VBl, that of Easter, with the lunar year; because the 
Jews celebrated their Passover at a certain lunation, viz, 
^ the day of the full mooi> which immediately followed 
^e vernal equinox. But the council of Nice, that the 
Easter of the Christians might not concur with the Pass- 
^er of the Jews, ordained, that the former should cele- 
*^te their festival on the Sunday after thé full moon 
Ulrich should take place oathe day of the vernal equinox, 

m2 
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or which should immediately follow it. Hence has arisen 
the necessit/ of forming periods of lunations, that the day 
[ trf the new or full moon may be found with more facility, 
in order to determine the paschal moon, 

The council of Nice supposed the cycle of Meto, or the 
I golden number, according to which 235 lunations are pre- 
cisely equal to 19 solar years, to be perfectly exact. After 
the period of 19 years therefore, the new and full moons 
ought to take place on the same days of the month. It 
was thence easy to determine, in each of these years, the 
place of these lunations ; and this was what was actually 
I done by means of the epacts, as shall be hereafter explained. 
But in reality 235 lunations are less, by an hour and a 
1 half} than 19 solar Julian years ; whence it happens, that 
I in 304 years, the new moons retrograde a day towards the 
I commencement of the year ; and consequently four days 
I in 1216 years. On this account, about the middle of the 
I i^th century, the new and full moons bad anticipated, by 
I four days, their ancient places ; so that Easter was fre- 
I quently celebrated contrary to the disposition of thecoma 
[ oil of Nice. 

Gregory xiii undertook to remedy this irregularity by 
■r an invariable rule, and proposed the problem to all the 
[ mathematicians of Europe ; but it was an Italian physician 
, and mathematician, who succeeded best in solving it, by 
lew disposition of the epacts, and which cbe church 
F adopted. This new arrangement is called the Gregorian 
Calendar. Ithegantobe used in Italy, France, Spain, and 
I other catholic countries, in 158£. It was snon adopted, 
I at least in what concerns the solar year, tven by the pro- 
testant states of Germany ; but they rejected it in regard 
I to the lunar, and preferred finding the day of the paschal 
I full moon by astronomical calculation: the Roman Ca- 
I tbolics tiierefore do not always celebrate Easter at the 
.same time as uic Protestants, in Germany. The English 
vere the most obstinate in rejecting the Gregorian year. 
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ani almoft for the tame raitoii wUefa made <heni long ai» 
elnde penivian bank from their phannacopeia ; that k té 
EEfp because they were indebted for it to Ihe Jesuiti : bat 
they at length became tentible that whatever is good iH 
haelf, and nsefa), oaght to be received^ weife it even from 
^nenlies j and they eonformed to the method of oompuâng 
time employed in the rest of Europe. This change did 
not take place till the year 1752. Before that period» when 
Urn French counted the 31st of the month, the EngKsà 
eonnted only the 10th« In course of ages they would 
dievefore have had the vernal equinox at Christmas, and 
Ûm winter at Midsummer. The Russians are the only 
peeple of Europe who still adhere to the Julian Calendar : 
iikir Papas hate the Roman Catholic priests as much a« 
tbe English did a Jesuit 

' After this short historical sketch, we shall now proceed 
le tbe principal problems of chronology* 

PBOBLEM I. 

T\fjind wfietker a given year he BissextUe or nàti that is 
to J0y, whether it cottsists of 366 dmfs. 

Divide the number which indicates the given year by 
4» and if nothing remains the year is bissoitile : if there 
be a remainder, it shows the number of the year eurreirt 
after bissextile. We shall here propose, as an example^ 
the year 1774. As 1774 divided by 4 leaves % for re- 
QMÛnder, we may oonclude that the year 1774 ^i^as the se- 
c«nid after bissextile* 

To this rule however there are some limitations. 1st. 1î 
Ûm year is one of the centenaries posterior to tbe refcumaa» 
taon of the calendar by Gregory xiii, that is to say 1587, 
it will not be bissextile unless the number of the centuries 
which it denotes be divisible by 4 ; thus leoo, SOOO, 2400, 
8860 have been, or will be bissextiles ; but the years 1700^ 
1800, 1800, 8100, asçp, 8S00, S500, 2600, 8700» were 
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qpt, or mil not be bîwçxtiksyfor the reason already meAr 

2di If th^ year be centenary, and anterior to i58S,.biil 
iritbout being below 474, it hus been bissextile. 

Sd. Between 459 and 474 there was no 

4tb. There was none among the first six years of the 
Christian sera. 

5th. As the first bissextile after the Christian «ra was 
the seventh year^ and as the bissextiles regularly foliowcil 
each other every four years till 459 ; when the given yeic 
is between the 7th and the 459th, first subtract 7 from it» 
and then divide it by 4 ; if nothing remains, the year has 
been'bissextile ; but if there be any remainder, it will show 
what year after bissextile the proposed year was. Let the 
proposed year, for example, be 148 : if 7 be subtracted, 
the remainder is 141, which divided by 4, leaves 1 for re- 
mainder ; consequently the year 148 of the CbristiaD fsfs 
was the first after bissextile. 

Of the Golden Number and Dinar CjfcU. 

The golden number, or lunar cycle, is a revolution of 
19 solar years, at the end of which the sun and moon re- 
turn very nearly to the same position. The origin of it is 
as follows. 

Since the solar Julian year, as already said, consists. of 
-365 dajji 6 hours; and as the duration of one lunation is 
29 daysj J2 hours 49 minutes ; it has been found, by com» 
bining these two periods, that 235 lunations make nearly 
19 solar years; the difference being only lb dim. It is 
therefore plain that after 19 solar years the new moons 
ought to take place on the same days of the month, and 
almost at the same hour. In the first of these solar years, 
if the new moon happen on the 4th of January, the Sd of 
February, &c, at the end of 19 years the new moooi will 
take place also on the 4th of January, the Sd <^ Febroaiy, 



OOLBBN N0MBSE. 16T 

Jfcc; and this will be the case eternally, if we suppose dial 
2S5 lanatioDs are exactly equal to 19 solar rerolutions. 
Hence it b suflkient to hare once determinedi during 19 
•dar years, the days of the month on which the new moons 
kappen ; and when it is known what rank a gi?en year 
liolds in this period, we can immediately tell on what days 
of each month the new moons fall. 

The invention of this cycle appeared to the Athenians 
to hie so ingenious, that, when proposed by the astronomer 
Mete, it was received with acclamations, and inicribed in 
the public square in golden letters : hence the name of the 
f^lden nuipber. It is distinguished also by the less pomp- 
ons denomination of the lunar cycle, or cycle of Meto from 
the name of its inventor. 

PROBLEM IX. 

To find the Gddisn Number of arty given year; or the rank 

which it holds in the Lunar Cycle. 

To the given year add 1, and divide the sum by 19 : if 
nothing remains, the golden number of the given year will 
be 19: butif there be a remainder, which must necessarily 
be less than 19, it will be the golden number required. 

Let the given year, for example, be 18 Id. If 1 be added 
to 1813, and if the sum 1814 be divided by 19, the re- 
mainder will b^ 9 ; which indicates that 9 is the golden 
number of 1813, or that this year is the 9th of the lunar 
cycle of 19 years. 

If the year 1728 be proposed, it will be found by a 
similar operation, that the remainder is nothing : which 
shows that the golden number of that year was 19. 

The iieason of adding 1 to the given year, is because the 
first year of the Christian sera was the second of the lunar 
cycle, or had two for its golden number. 

If any year before the Christian era be proposed, such 
as the £5th for example, subtract 2 from that number, and 
divide 83 the remainder by 19 ; if 4 the remainder be then 



tnten fron 19, the ramit will be tbe golden noniberof the 
year 95 before Jesus Christ ; which in this case is 1ft. ^ : 

'AfiM ARK.— jt nay be readily seen that when the golden 
snmber of any year has been found , the golden noinber 
df the following year may be obtained by adding 1 to tiie 
former. The golden number o[ the preceding year amy 
be obtained also by subtracting 1 from the golden oomb^ 
akeady found» Thus, having found the golden nvmbef of 
tbe year 1802, which » 17, by adding 1 to it, we shaH bmm^ 
18 for that of the year 180S ; and 1 subtracted from it, 
will giye 16 for the golden number of 18(X1. 

QfthcEpacU 

The epact is nothing else than the number of é^ys de*' 
noting the moon's age at the end of a given year. Tbe 
formation of it may be easily conceived by considering 
iSbitLt tbe lunar year, which consists of 12 lunations, is less 
than a Julian year by about 1 1 days; therefore if we sap- 
pose that a lunar and a sdar year begin together on the 
1st of January, the moon at the end of the year will be 1 1 
days old ; for 12 complete lunations, and 11 days of a 
thirteenth, will have elapsed ; and therefore the moon at 
the end of tbe second year, will be 22 dajrs okt, and at the 
end of the third S3. But as 33 days exceed a lunation, 
one of 30 days is intercalated, by which means that year 
has IS lunations; and consequently the moon is only 3 
days old at the end of tbe third year. 

Such then is the progress of the epacts. That of the 
ftrst year of the lunar cycle is 11 ; this number is after- 
wards continually added, and when tbe sum exceeds 30^ 
tf SO be subtracted, the remainder will be tbe epact, except 
ifi the kst year of the cycle, where the product of the ad- 
dition being only 2% the same number is deducted tohaye 
for epact: this announces that the new moonr happens 
at the end of that year, which is aise tbe begimnng of 
Ae nest OM. The order of the epacte therefore is 11^ 
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Hi A té,9St 6, 17, 98, 9, SO, 1, IS, 23, ^ 15, 29, 7, 

This arrangement would have been perfect and per« 
pBtnal, if 1$ folar ye-irs of 365 days 6 honrs, had been ex- 
actly equal to 2'S5 hinâtions, as supposed by the ancient 
iitronoroers ; but unfortunately this is iiot tiie case. On 
An one hand, the solur year consists only of 365 days 5 
hours 49 minutes ; and besides, 335 lunations are less than 
M Jnlian years by one hour and a half; so that in 804 
years the real new moons are anterior, by one day, to the 
new moons calculated in this manner. Hence it happened 
Aat in the miiJdle of the 16th century, they preceded by 
fear d^y» those found by calculation ; as four rcTolntions 
ef 504 years bad elapsed between that period and the 
Gotincil of Nice, at which the use of the lunar cycle had 
Wen adopted for computing the time of Easter, it was 
therefore found necesi^arv to correct the calendar, that this 
fcttival might not be celebrated, as was often the case, con- 
Inury to the intention of that council ; and with this yiew 
some changes were made in the calculation of the epacts^ 
which form two cases. One of them is that when the pro- 
poaed year is prior to the reformation of the calendar, or 
ta 15M : the second is when the years are posterior to that 
qpoch. We shall iUustrate both cases in the following 
problem. 

PROBLEM III. 

Anjf Feër being given, to find its Epact. 

I; If the proposed year be anterior to 1582, though pos- 
tmor to the Christian œra, which forms the first case ; find 
by the preceding problem the golden number for the given 
year, and having multiplied it by 11^ subtract dO from the 
(fodoct as many times as possible : the remainder will bo 
the epact required. 

' Lac the given year, for example, be 1489. Its golden 
number^ by the preceding problem, is 8^ which mohiplied 
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hy 11 fpves 88; and this product divided by SO leayés for 
remainder 28: the epact of the above year therefore 
was 2$. 

. Id Uke maimer, if 1196 be considered ag a Julian year, 
Ihat it to laay, if those who have not adopted the new style 
or reformation in the calendar wished to know the epact 
0f that year, it would be necessary first to find the golden 
number, which is 1 1 ; this multiplied by 1 1 gives 121 ; 
and the latter divided by 30, leaves 1 for remainder. 
Hence it appears that the epact of 1796, considered as a 
Julian year, was 1. 

XL We shall now suppose that the given year is poste* 
rior to the reformation of the calendar, or to the year 
llf82 ; which forms the second case. In this case, multi* 
ply the golden number by 1 1, and from the product sub^ 
tract the number of days cut off by the reformation of 
Gregory XIII, that is, 10 if the year is between 1582 and 
1700; II between 1700 and 1900; 12 between 190Qàad 
2200 8cc ; divide what remains after this deduction by 80^ 
and the remainder will be the epact required *. 

Let it be proposed, for example, to find the epact of 
the Gregorian year 1693, the golden number of which 
was 3 : multiply 3 by 11, and from 3S, the product, sub- 
tract 10 : as the remainder 23 cannot be divided by S^ 
that number was the epact of the year 1693. 

If the epact of the year 1796 were required, the golden 
number of which was 11 ; multiply 11 by 11, and from 
the product 121 subtract 11, which will leave 110: this 
number divided by SO, gives for remainder 20, which was 
the epact of the year 1796. 

If the epact of the year 1813 were required, the golden 
number of which is 9 ; multiply 9 by U, and- firom the 
product 99 subtract 1 1 ; the remainder 88 divided by 30 

ft 

• Wbtn tbe goldea bomber is 1, if the year b^ posterior to 1900 add 3Q 
to it before you multiply by 11, and then procaed as above directed* 
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the present year 1813. 

Remabks.— The epact according to the Julian calen- 
dar may be found without division, in the following man- 
Bar : Asaiga to the upper extremity of the thumb of the 
left hand, the value of 10; to the middle joint 20, and to 
the hut or root SO, or rather 0. Count the golden number of 
the proposed year on the same thumb, beginning to count 

1 at the extremity, 2 on the middle joint, S on the root; 
then 4 at the extremity, 5 on the joint, 6 on the root; 
and so on, till you come to the golden number found ; to 
which, if it falls on the root, nothing is to be added, be- 
csmé the value assigned to it was : but if it falls on the 
extremity add 10 to it ; and if on the middle joint 20 ; 
because these were the values assigned to them. The 
sum, if less than 30, will be the epact required ; if greater 
than 30, subtract 30 from it and the remainder will be the 
epact. 

Thus, if the epact of 1489 were required : as the golden 
number of that year was 8, count 8 on the thumb, as 
above mentioned, beginning to count 1 on the extremity, 

2 on the middle joint, 3 on the root ; then 4 on the ex- 
tremity, and so on» Because 8, in this case, falls on the 
middle joint, add to it 20, and the sum 28 will be the epact 
of the above year 1489. In like manner, if the epact of 
1126 be required, the golden number of which was 17; 
count 1 on the extremity of the thumb, 2 on the middle 
joint, &c, till you complete 17, which will fall on the 
joint; and if 20, the value assigned to that joint, be then 
added to the golden number, the sum will be 37 ; from 
which if 30 be subtracted, there will remain 7 for th^ 
epact of 1726, according to the Julian calendar. 

By the same artifice the epact for any year of the l7th 
century might bç found ; provided 20 be assigned to the 
extr^smity of the thumb, 10 to the joint, and to the root; 
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and tiwt ycm begin to count 1 on the root, S on tbejoiiil, 

and so on* 

PBOBLBM IT. 

To find tked^ rf the Nem Moon^ in Mjfpfopô$ed MMik 

cfagioenYeaf» 

iPlrst find the epact of the given year, as taught in the 
two preceding problems ; and add to it the number of 
BiondiSy reckoning from March inclusively : subtract the 
turn from 50, if less» or from 60 if greater ; and the re- 
mainder will give the day of the new moon. 

Let it be required, for ei^mple, to find on what day 
the new moon happened in the month of May 181S. The 
golden number of 1813 was B, which multiplied by 11 gives 
99 \ and if 11 be subtracted, according to the rule, we 
shall have for reminder 88 : this divided by SO leaves H 
=: the epact of that year, as before found. Now the 
number of months from March, including May, is 2 ;. add 
2 added to the epact makes SO, which subtracted from 60 
leaves 30 : new moon therefore took place on the 30th of 
May 1813. Accordingly the Almanacs show it was new 
moon near midnight of the 29th of that month. 

Remabk. — ^In calculations of this nature, great exact* 
nes» must not be expected. The irregular arrangement 
of the months which have SI days, the mean numbers ne- 
cessary to be assumed in the formation of the periods 
firom which these calculations are deduced, and the in- 
equality of the lunar revolutions, may occasion an ertor oS 
nearly 48 hours. 

More correctness may perhaps be obtained by employ- 
ing the following table ; which indicates what ought to 
be added to the epact for each commencing month. 

January • • . • March • • • . O 
February • . • • 2 April . « . • • 9 



May S fiqptember • « » 'S 

Jooo 4 October . • • • 8 

JiiJy « ♦ ^ • « November • ^ .10 

August • . • • 6 December ^ • • 10 

PBOBLBX T. 

ToJM the Moon* s Age on amf given day» 

To tbe epact of the year add, according to the abopo 
table, tbe number belonging to the month in which the 
proposed day is ; and to this sum add the nmnber which 
indicates the day : if the result be less than 30, it will be 
tlie moon^s age on tbe given day ; if it be 30, it shews that 
new moon took place on that day ; but if it exceeds SO^ 
siibtraet 30 from it, and the remainder will be the age of 
the moon* 

Let it be required, for example, to find what was the 
age of the moon on the 20th of March 1813. The epact 
df 18 L3 was 28, and the number to be added for the 
month of March, according to the preceding table, is O: 
this added to 28 makes 28, and 20, the ^number of the 
proposed day, added to 28^ makes 48, from which if 30 
be Bobtnusted, the remainder^ is 18 =: the moon^s age on 
tbe 90th of March ; and this indeed is agreeable to what 
ia indicated by tbe Almanacs. 

Of the Solar Cycle and Dominical Letter. 

Tbe solar cycle is a perpetual revolution of 28 years^ 
tbe origin of which is as follows: 

Ist. Tbe aeven first letters of tbe alf^bet a b o d b F o 
am arranged in the calendar in such a manner, that a cor- 
responds to tbe ist of January, b to the Sd, c to the 3d, 
D to tbe 44h, E to the 5th, F to tbe 6th, g to the 7th, a to 
the 8th, B to the 9th, and so on through several revolu- 
tioas of seven. The sev^n days of the week, called also 
I, are repre^eoted by these seven letten» 



2d. Because a year of 365 days contains 52 weeks and 
1 day^ and as that remaining day is the first of a 5Sd re- 
volmiony a common year c^365 days- ought to b^n and 
end widi the same day of the week; 

3d. According to this disposition, the same letter of the 
alphabet corresponds to the same day of the week^ 
throughout the course of a common year of 365 days. 

4tb« As these lietters all serve alternately to indicate 
Sonday^ during a series of sôreral years» they bkye on 
that account beeu called dominical letters. 

dtb/ k hence follows that if a common year begins by à 
Sunday, it will end by a Sunday : the 1st of January there* 
fore of the following year will be a Monday, which will 
correspond to the letter a ; and the 7tb will be a Sundajr, 
which will correspond to the letter o, which will be the 
dominical letter of that year. For the same reason, the 
dofttimcal letter of the following year will be p^ that of 
the next one x, and so on, circulating in an order retro*' 
grade to that of the alptmbet. From this circulation of 
the letters has arisen the name of solar cycle; because 
Sunday among the pagans was called dies salts , the day of 
the sun. 

6th. If there were no days to be added for bissextile 
years, all the different changes of the dominical lettenl ' 
would take place in the course of seven years. But this 
order being interrupted by the bissextile years, in which 
the 24th of February corresponds to two different feriae of 
the week ; the letter f, for example, which would have 
indicated a Saturday in a common year, will indicate a 
Sunday in a bissextile year : or if it indicated a Sunday in 
a-common year, it will indicate a Sunday and a Monday 
in a bissextile, 8cc. Hence it follows that in a bissextile * 
year^ the dominical letter changes, and that the letter 
which marked a Sunday in the commencement of the yeaf^ 
will mark a Monday after the addition of the bissextile. 
This is the reason why two dominical letters are assigned 
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to each bissextile year; one which serves from the 1st of 
January to the 24th of February, and the other from the 
S4th of February to the end of the year ; so that the se- 
cond dominical letter would naturally b^ that of the fol- 
lowing year if a day had not been added for the bis- 
sextile. 

7th. All the possible varieties to which the dominical 
letters are ^bject^ both in common and in bissextile years, 
take place in the course of 4 times 7, or 28 years ; for.after 
7 bissextiles, the dominical letters return and circulate at 
before. This revolution of 28 years has been called the 
foUar (yck, or the cycle of the dominical letter. 

PROBLEM VI. 

Tojlnd the Dominical Letter of any proposed year. 

1st. To find the dominical letter of any given year, 
according to the Gregorian Calendar, add to the number 
of the year its fourth part, or, if it cannot be exactly di- 
vided by 4, the least nearest to it ; from the sum subtract 
5 for 1600, 6 for the following century 1700, 7 for 1800, 
and 8 for 1900 and 2000, because the years 1700, 1800 and 
1900 are not bissextiles; 9 for 2100, 10 for 2200, and 11 
for 2800 and 2400, because the three years 2100, 2200 
and 2300 will not be bissextiles ; divide what remains by 
7, and the remainder will be the dominical letter required, 
counting from the last letter o towards a the first ; so that 
if nothing remains, the dominical letter will be a ; if I 
remains, the dominical letter will be g ; if 2 remains, it 
will be F ; and so of the rest. 

Thus, to find the dominical letter of the year 1813: 
add its fourth part 453, which makes 2266, and from this 
sum subtract 7 ; if the remainder 2259 be divided by 7, 
the remainder 5 will shew that the dominical letter is c, 
^nee it is the fifth, counting in a retrograde order, firom 
the last letter o. 
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We must here observe, that to find with more œr* 
tainty, by thb operation» the dominical letter of a biifl?i?Cr 
^ tile year» it will be necessary to find first the dominical 
letter of the preceding year, which will serve till the £4th 
of Febraary of the bissextile year; after which the next 
letter in the retrograde order must be used for the re* 
maining part of the year. Thus, if it be required to find 
the dominical letter of the year 1724; first find that of 
1723» by adding to it its nearest less fourth part» 4S0 ; 
•ttbtracting 6 from the sum 2153» and dividing the difler- 
eoce 2147, by 7 : the remainder 5 shews that the dominical 
letter of the year 1723 was c ; which is the fifth of the firit 
seven letters of the alphabet, counting in the retrograde 
order. Since it is known that c was the dominical letter 
of 1723, it may be readily seen that b was the dominical 
letter of the following year 1724. But as 1724 was bis- 
sextile» B could be used only till the 24th of Februiury^ 
after which a, the letter preceding b» was employed to the 
end of the year : hence it is seen that a and b were the' 
two dominical letters of the year 1724. In like mannef 
tbe dominical letters of any future bissextile year may be 
found* 

ad. To find the solar cycle, or rather the current year 
of the solar cycle, corresponding to a given year ; ^d 9 
to the proposed year, and divide the sum by 28 : if nOr 
thing remains, the solar cycle of that year is 28 ; but if 
there be any remainder» it indicates the number of the 
solar cycle required. 

Thus, if the solar cycle of 1818 be required; add 9» 
which makes 1822, and divide this sum by 28; the re- 
mainder» being 2, shews that 2 is the solar cycle of 1819* 

The reason of this rule is» that the first year of the 
Christian sera was the 10th of the solar cycle ; or in other 
words that at the commencement of tliis sera 9 years of 
the solar cycle were elapsed. 
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Rbm ABKS.-— ^The solar cycle of any year whatever may 
he fodnd with great ease, and without division^ by means 
•f the subjoined table. 



Yean. 


Solar 


Vpt. Solar I 


Cen- 


Solar 


Cen- 


Solar 


Cycle. 


Years. 


Cycle. 


turies. 


Cycle. 


taries. 


Cycle. 


1 


1 


10 


10 


100 


16 


1000 


20 


e 


2 


20 


20 


200 


25 


2000 


12 


s 


3 


30 


2 


300 


20 


3000 


4 


4 


4 


40 


12 


400 


8 


4000 


24 


5 


5 


50 


22 


500 


24 


5000 


16 


6 


6 


60 


4 


600 


12 


6000 


8 


7 


7 ! 


70 


14 


700 





7000 





S 


8 


80 


24 


800 16 


8000 


20 


9 


9 


90 


6 


900 4 


9000 


12 



The method -of constructing this tabic is as follows : 

Having placed opposite to the first ten years, the same 
ffiiimbers as the solar cycles of these years, and 20 for the 
solar cycle of the 20th ; instead of setting down 30, for 
the 30th year, set down only 2, which is the excess of 30 
above 28, or above the period of the solar cycle. For the 
40th year, inscribe the numbers which correspond to 30 
and to 10, that is 2 and 10 ; and so of the rest, always 
mbtracting 28 from the sum when it is greater. Having 
thus shown the method of constructing this table, we shall 
now explain the use of it. 

In the first place, if the proposed year, the solar cycle 
of which is required, be in the above table, look for the 
number opposite to it in the column on the right, marked 
solar cycle at the top, and add 9 to it : the sum will be the 
solar cycle required: thus if 9 be added to 12, which 
stands opposite to the year 2000, we shall have 21 for the 
solar cycle of that year. . 

But, if the given year cannot be found^xactly in the 
above table, it must be divided into such parts as are con*^ 
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tained in it. If the numbers corresponding to Ûècêq paLtt§ 
be then added^ their sum increased b j 9 Yfill give the soltr 
cycle of the required year ; provided this sum is less thftn 
88 ; if greater, 28 must be subtracted from it as many 
times as possible. 

Let it be required, for example, to find by the above 
table the solar cycle of the year 1813. Divide 181S into 
the four following parts 1000, 800, 10, 3, and find the 
numbers corresponding to them in the right hand columns^ 
which are 20, 16, 10, 8; the sum of these is 49, and 9 
added makes 58 ; from which if 28 be twice subtracted^ we 
shall have for remainder 2, the solar cycle of 1813. 

IL The reason of adding 9 to the sum of all these num«-^ 
bers^ is because the solar cycley*before the first year of the 
Christian sera, was 9 ; consequently this cycle had begun 
10 years before the birth of Christ, which may be ascer* 
tained in this manner : 

Knowing the solar cycle of any year, either by tradition 
or in any other manner, that of the year 1693, for exam- 
ple, which was 22 ; subtract 22 from 1695, and divide the 
remainder 1671 by 28 ; then subtract 19, which remains, 
from 28, and the remainder 9 will be the solar cyclel>efore 
the first year of the Christian œra. 

III. A table to show the golden number of any pro- 
posed year might be constructed in the same manner j 
with this difierence, that instead of subtracting 28, it 
would be necessary to subtract 19, because the period of 
that cycle is 19 ; and that instead of adding 9, it would be 
necessary to add only 1 ; because the golden number, 
before the fir^t year of the Christian aera, was 1 : conse- 
quently this cycle began two years before the birth ol 
Christ ; that is to say, the golden number for the first 
year of the Christian sera was 2, &c. 

IV. The dominical letter of any proposed year may be 
found by another method ; and when this letter is known. 
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it will serre to show the letter which corresponds to every 
day throughout the whole of the same year *• 

Divide by 7 the number of days which have elapsed be- 
tween the first of January and the proposed day inclu- 
sively I and if nothing remains, the required letter will be 
o ; if there be any remainder^ it will indicate the number 
of the required letter, reckonhig according to the order of 
the alphabet, a 1 , b 2, &c« 

Thusy tg find the dominical letter of the year 1813; 
take .any Sunday, the 28th of February for example, and 
find how many days have elapsed between it inclusively, 
and the first of January y as the number is 59, divide this 
number by 7, and the remainder 3 will show that c, the 
third letter of the alphabet, is the dominical letter re- 
quired. 

The days which have elapsed between the first of Ja- 
nuary and any given period of the yesir, may be readily 
found by means of the following table ; but it is to be ob- 
served that in. bissextiles, the number of days must be in- 
creased by unity, after the end of February. 





Days. 




Days. 


From Jan. to Feb. • 


. 31 


From Jan. to August 


. 212 


Jan. to March 


. 59 


Jan. to Sept. . 


. 243 


Jim. to April • 
Jan. to May • 


. 90 


Jan. to Octob. • 


• 273 


. 120 


Jan. to Novemb. 


. 304 


Jan. to June • 


. 151 


Jan. to Decemb. 


. 334 


Jan. to July 


. 181 


Jan. to Jan. 


. 365 



PROBLEM VII. 

To find what day vfthe Week corresponds to any given day 

of the Year. 

To the given year add its fourth part, or, when it can- 
not be found exactly, its nearest least fourth part ; and to 

• It IS here to be observed» that when yuu wish to find the dominical let* 
ter, the proposed day mttst be a Sunday; otherwise yon wiU find only tb9 
letter which belongs to f ome other.day. 

k8 
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the sum add the number of days elapsed since the firsC of 
January, the proposed day included : from the last saoi 
subtract 14, for the present century, and divide what'rè- 
mains by 7 : the remainder will indicate the day of the* 
week, counting Sunday 1 , Monday 2, Tuesday 3, and so 
on : if nothing remains, the required day is a Saturday. 

Thus, if it be required to know what day of the week 
corresponded to the 27th of April 1813 ; add to 1813 ite 
nearest least fourth part 453, and to the sum 2266 add 
117, the number ot days elapsed between that day indu- 
sive and the 1st of January. If 14 be subtracted from die 
last sum, which is 2383, and if 2369 which remains be di- 
Tided by 7 ; the remainder will be 3 : consequently the 
27th of April 1813 was a Tuesday. 

Remark. — ^If the proposed year be between 1582 and 
1700, it will be necessary to deduct only 12 from the sum 
formed as above. 

If the year be anterior to 1582, it will be necessary to 
deduct only 2; because in 1582 ten days were supprmed 
from the calendar. As a bissextile was suppressed in 
1700, which makes an eleventh day suppressed^ 13 most 
be subtracted if the given year be in the last century. 

For the same reason 14 must be subtracted in the pre- 
sent century ; 15 in the twentieth and twenty-first, and 
so on. 

PROBLEM VIII. 

To find Easter^day and the other Moveable Feasts. 

By the reformation of the calendar, the 14h day of the 
paschal moon was brought back to the same season in 
\irhich it was found at the time of the council of Nice, 
and from which it had removed more than 4 dajrs. Ac- 
cording to the decree of that council, Easter èught to be 
celebrated on the first Sunday after the 14th Uay of the 
moon, if this 14th day should happen on or after the 2l8t 
of March. Hence it is obvious that Easter caknot bap- 
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pen sooner than the 22d of that month, nor later than the 
25th of April ; which on that account have been called 
the paschal limits. The following is a table of these 
limits, from the year 1700 to 1900. 



Lnuar 


Pa»cbal 


Lunar 


Patch*! 


Cycle. 


Limiti. 


Cycle. 


Limiti. 


1 


April 13 


11 


March 24 


2 


April 2 


12 


April 12 


3 


March 22 


13 


April 1 


4 


April 10 
March 30 


14 


March 21 


5 


15 


April 9 
March 29 


6 


April 18 


16 


7 


April 7 


17 


April 17 


8 


March 27 


18 


April 6 


9 


April 15 


19 


March 26 


10 


April 4 







By means of this table Easter may be found in the fol- 
lowing manner. First find the golden number or lunar 
cycle of the year, and opposite to it, in the above table, 
will be found the day of the' month on which the paschal 
fall moon happens in that year. The Sunday immediately 
following is Easter-day according to the Gregorian calen- 
àat. If the full moon happens on a Sunday, Easter-day 
will be the Sunday following* 

Thus, if Easter-day 1813 were required, as the golden 
number of that year is 9, opposite to it will be found 
April I5tb^ and as the 3d following day, or the 18th, is a 
Sunday, Easter-day happens on the 18th of April. 

Second Method. 

Easter may be found also by means of the following 
table, which consists of nine columns, each diirided into 
teren parts. The first column contains the dominical 
letters, the seven following the epacts, and the ninth the 
dêj on which Easter falls. 
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Table for finding Easter. j 




23 


22 


21 


20 


19 






26 March 




18 


17 


Id 


15 


14 


13 


12 


2 April 


A 


11 


10 


9 


a 


7 


6 


5 


9 April 




4 


3 


2 


1 


« 


29 


28 


l6Apnl 




27 


.26 


25 


24 






23 April 




23 


22 


21 


20 


19 


18 




7 March 




17 


16 


15 


14 


13 


12 


11 


3 April 


B 


10 


9 


8 


7 


6 


5 


4 


10 April 




3 


2 


1 


« 


29 


28 


27 


17 April 




26 


25 


24 






' 


17 


24 April 




23 


22 


21 


20 


19 


18 


28 March 




16 


15 


14 


13 


12 


11 


le 


4 April 


C 


9 


r 8 


7 


6 


5 


4 


3 


1 1 April 




2 


1 


« 


29 


28 


«27 


26 


18 April 




25 


24 












25 April 




23 












22 March 




22 


21 


20 


19 


18 


17 


16 


29 March 


D 


15 


14 


13 


12 


11 


10 


9 


5 April 




8 


7 


6 


5 


4 


3 


2 


12 April 




1* 


29 


28 


27 


26 


25 


24 


19 April 




23 


22 






23 March 




21 


20 


19 


18 


I? 


16 


15 


30 March 


E 


]é 


13 


12 


11 


10 


9 


8 


6 April 




7 


6 


5 


4 


3 


2 


1 


13 April 




* 


29 
22 


28 


27 


26 


25 


24 


•20 April 




23 


21 






24 March 




20 


19 


18 


17 


16 


15 


14 


31 March 


F 


13 


12 


11 


10 


9 


8 


7 


7 April 




6 


5 


4 


3 


2 


1 


•ft 


14 April 




29 


28 
22 


27 
21 


2(5 
20 


25 


24 




21 April 




23 






25 March 




1.9 


18 


17 


16 


15 


14 


13 


1 April 


G 


12 


11 


10 


9 


8 


7 


6 


8 April 




5 


4 


3 


2 


1 


^ 


29 


15 April 




28 27 26 


25 


24 






22 April 
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To wfe this table, the epact and dominical letter for the 
given year must be found. Thus if 1813 were proposed, 
tbe dominical letter of which is c, anfl the epact 28 ; look 
in one of the <cells, opposite to that inscribed c, for the 
epact 28, and opposite to it will be found, in the last 
column on the right, the 18th April, which is Easter-day. 

Third Method. 

K the epact of the proposed year does not exceed 2S, 
sobtract it from 44; and the remainder, if less than 31, 
will give the paschal limits in March; if greater than 31, 
the surplus will be the paschal limits in ApriL 

But if the epact is greater than 23, subtract it from 48, 
AMT from 42 when it is 24 or 25; the remainder will be tbe 
4ay of the paschal limits in Aprils and the Sunday follow^ 
ing will be Easter. 

B£MÂBK.^-Since all the other moveable feasts are 
regulated by Easter, when the day on which it falls is 
known, it will be easy to find the rest« Septuagesima 
Sunday is 9 weeks or 64 days before it, both the Sundays 
included* Ash-Wednesday is the 47th day preceding 
Easter, and the Sunday following Ash^Wednesday is tbe 
first Sunday in Lent. Ascension-day is 40 days, Pentecoiite 
or Whit-Sunday is 50 days, and Trinity Sunday is 57 days, 
after Easter. 

PROBLBM IX. 

Tofnd m what day of the Week, each Month of the Year 

begins. 

As it has been usual in the calendars to mark tbe seven 
days of the week with the first seven letters of the alphabet, 
always calling the 1st of January a, thedd b, the Sdc, the 
4th D, the 5th £, the 6th f, the 7th o, and so on through* 
out the year; the letters answering to the first day of 
every month in the year, according to this disposition^ 
may be known by the following Latin verses: 



Astra Dabît I>oiiiÎB«§, Oratwqoe IBfeabit EgcDMy 
Gratia Cbristicolae Feret Aurea.Dona Fideii. 

\ 

Or by these French verses : 

Au Bien De Gloire Bien Espère ; 
Grand CcBur, Faveur Aime De Faire. 

Or by the well known English ones: 

At Dover Dwells George Brown Esquire, 
Good Caleb Finch And David Frier. 

Where the first letter of each word is that belonging to 
the first day of each month, in the order from January to 
December. . 

Now, as these letters, when the dominical letter is a, 
indicate the day of the week by the rank which they hok) 
in the alphabet, it is evident in that case that January 
begins on a Sunday, February on a Wednesday ; March 
on a Wednesday, April on a Saturday, and so on. But 
when the dominical letter is not a, count either backwards 
or forwards from the letter of the proposed month, till 
you come to the dominical letter of the year, and see how 
many days are between diem ; for, as the dominical letter 
indicates Sunday, it will be easy, by reckoning back, to 
find the day of the week corresponding to the letter of the 
proposed month. 

Thus, if it were required to find on what day of the 
week February 1813 began; as the dominical letter of 
1813 is c, and as the letter corresponding to February is d, 
ivhich is the one immediately following c, in the order of 
the alphabet, it is evident that February began on a Monday. 
In like manner, if April 1813 were proposed, as the letter 
O which belongs to that month is the third from c, the 
dominical letter, it may he readily seen that April 1813 
began on a Thursday. 

The day of the week on which any^ proposed mouth 
begins, may be found also by means of the following 
table. 
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MONTHS 


* ' ! 


S 


o 


» 1 ' 


o 


Jan nary 


Sunday 


Satur. 


Pr>dav 


r urs. 


Wedn. Tues. 


Mond. 


February 


*Veun. 


Tu- s 


Mond. 


Sunday 


Satur. jFriday 


Thurs. 


Mtivch 

» 


Wean. 


Tufs, 


Mond. 


Sunday 


Satur. ^Friday 


Tburs. 


April 


Satur. 


Friday 
SundK 


Thors. 


Wtén. 


Toes. jMond. 


Sunday 


May 


M<>ud. 
Fhur*. 


Satur. 


Friday 


Thurs. jWedn. 


Tues. 


Jone 


Wed 11. 


Tuts. 


Sfond. 


Sunday Satur. 


Friday 


Jqir 


Satur. 


Fii'lav 


rhurs. 


Wedn. 


Tues. jMond. 


Sunday 


▲ugu«t 


rue». 


Mood. 


Sunday 


Satur. 


Friday 


Thurs. 


Wedn. 


September 


Fsiday 


Tburs. 


Wedn. 


Tups. 


Mond. 


Suuday 


Satur. 


October 


jund. 


Satur. 


Ffiday 


Thurt. 


Wedn. 


Tues. 


Mond. 


November 


Wedn. 


Tue». 


\fond. 


Sunday 


Satur. 


Friday 


Tliurs. 


December 


Pri'aT Irhurs. 


Wedn. 


Tom. 


Mond. 


Sunday'Situr. { 



To use this table, look for the dominical letter of the 
|[iven year at the top, and in the column below it, and 
opposite to each month, will be found the day on which it 
^ins. Thus, as the dominical letter for 1813 is c, it 
rill be seen, by inspecting the table, that January began 
m a Friday, February on a Monday, March on a Monday, 
Lprii on a Thursday, and so of the rest, 

PBOBLEM X. 

To find what Months of the Year have 3 1 Days^ and those 

which have only 30. 

Baise up the thumb a (pi. 5, fig. 18), the middle finger 
jy and the little finger s, of the left hand ; and keep down 
lie other two, viz, the fore finger b, which is next to the 
liumb, and the ring-finger d, which is between the middle 
Knger and the little finger. Then begin to count March 
rô the thumb a, April on the fore finger b, May on the 
middle finger c, June on the ring-finger d> July on the 
little finger b^ and continue to count August on the thumbs 
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September on the fore-fingor, October on the middle 
finger, November on the ring-finger, and December on 
the little finger; then beginning again continue to count 
January on the thumb and February^ on the fore-finger: 
all those months which fall on the fingers raised up A, c, 
£, will have 31 days; and those which fall on the fingers 
kept down, viz. b and n, will have only SO, except 
February, which in common years has 28 days, and in 
bissextiles 29. 

The number of the days in each month may be known 
also by the following memorial lines: 

Thirty days hath September, 
April, June and November; 
All the rest have thirty-one, 
Except February alone. 

PROBLEM XI. 

To find the day of the Month on which the Sun enters into 

each sign of the Zodiac. 

The sun enters into each sign of the zodiac about the 
20th of each month of the year ; viz, into Aries about the 
20th of March, into Taurus about the 20th of April, and 
so on. To determine this day somewhat more exactlyi 
the two following verses may be employed: 

Inclita Laus Justis Impenditur, Haeresis Horret, 
Grandia Gesta Gerens Felici Gandet Honore. 

Now, to use these two verses, assign the words which they 
contain to the twelve months of the year, beginning with 
March ; to which you must assign Inclita, and end with 
February, which will correspond to Honore. Then con» 
sider what is the number in the alphabet of the first letter 
of each word ; for if that number be subtracted from SO^ 
the remainder will be the day of the month required. 

For example, Inclita corresponds to the month of Marché 
and to the sign Aries ; its first letter / is the ninth in the 
alphabet) and if 9 be taken from 30^ the remainder tl 
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shows that the sun enters Aries on the 21st of March. In 
like manner, Grandia corresponds to the month of Sep» 
tember, and to the sign Libra, and its first letter G is the 
7th in the order of the alphabet: if 7 therefore be sub- 
tracted from 30, the remainder 23 shows that the sun enters 
Libra on the twenty^third of January. 

But this method is not always correct, erring by a day 
or two in some months. 

PROBLEM XII. 

Tofnd the SutCs place ^ or in what degree and what sign he is 

on any given day of the Year. 

First find on what day of the proposed month the sun 
enters into any of the signs of the zodiac, and into what sign. 
When this is done, if the proposed day precedes that day, 
it will be evident that the sun is then in the preceding sign ; 
for this reason the difference between the day proposed 
and that when the sun enters a new sign, must be sub* 
tracted from 30 degrees, and the remainder will indicate 
that degree of the preceding sign in which the sun is. 

Let the 18th of May, for example, be proposed: it will 
be found by the preceding problem, that in May the sun 
enters into the sign Gemini on the 21st ; but as the 18th pre- 
cedes the 21st by 3 days, subtract 3 from 30, and the re- 
mainder 27 will indicate that on the 18th of May the sun 
will be in the 27th degree of Taurus. 

But if the proposed time of the month be posterior to 
the day of the same month on which the sun enters into a 
new sign, it will then be necessary to take the number of 
days by which they differ: this will be the degree of the 
sign in which the sun is, on the given da}\ 

Let us suppose, for example, that the 27 th of May is 
proposed: as the sun on the 21st of May enters into 
Gemini, and as the difference between 21 and 27 is 6, we 
may conclude that on the 27tb of May the sun is in the 6th 
d^ree of Geminit 
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PROBLEM XIII. 



To find the Moorfs place in the Zodiac ^ on any proposed day 

of the Year. 

, First find the sun's place in the zodiac, as taught in the 
preceding problem ; and then the moon's distance from 
the sun^ or the arc of the ecliptic comprehended between 
the sun and moon, which may be done as follows. 

Having found the moon's age, by prob. 5, multiply it 
by 12, and divide the product by 30 : the quotient will give 
ijbe number of signs, and the remainder the degrees of the 
moon's distance from the sun. If this distance therefore 
be counted, according to the order of the signs in the 
zodiac, beginning at the sun's place, you will have the re- 
quired place of the moon. 

"^hus, if it were required to determine the moon's place 
on the 28th of May 1693, the 3un being in the 27th degree 
of Taurus, and the moon's age being 14 : multiply 14 by 
12, and divide the product 168 by SO; the quotient 5^ and 
the remainder 18, show that the moon's distance from the 
sun was 5 signs 18 degrees. If 5 signs 18 degrees there- 
fore be counted in the zodiac, from the 27th degree of 
Taurus, which is the sun's place, we shall fall upon the 
15th degree of Scorpio, which was the mean place of the 
moon. 

PROBLEM XIV. 

. To find to what. Month of the Year any lunation belongs. 

In the Roman calendar, each lunation is considered as 
belonging to that month in which it terminates, according 
to this ancient maxim of the computists. 

In quo completur, mensi lunatio detur. 

Hence, to determine whether a lunation belongs to a 
certain month of any given year, as the month of May 
1^693 for example; having found, by prob. 5, that the 
moon's age on the last day of May was â7; this age: 2? 
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shows that the lunation ends in the next month, that is to 
say^in June, and consequently that it belongs to that 
month. It indicates also that the preceding lunation ended 
in the month of May, and therefore belonged to that 
month. 

PROBLEM xv. 

To determine the Lunar Fears which are common^ and thost 

which are embolismic. 

This problem may be readily solved by means of the 
preceding, from which we easily know that the same solar 
month may have two lunations. For two moons may end 
io tlie same month, which has 30 or 31 days, as November, 
which has 30 ; or one moon may end the first of that 
month, and the following moon on the last or SOth of the 
same month: this year then will have had 13 lunations; 
and consequently will be embolismic. We shall here give 
an example. 

In the year 1712, the first moon having ended on the 8th 
of January, the second on the 6th of February, the third 
on the 8th of March, the fourth on the 6th of April, the 
fifth on the 6th of May, the sixth on the 4th of June, the 
seventh on the 4th of July, the eighth on the 2d of August, 
the ninth on the ist of September, the tenth on the 1st of 
October, the eleventh also on th^ 30th of the same month^ 
the twelfth on the 29th of November, and the thirteenth 
on the 28th of December; we know that this year, as it 
had 13 moons, was embolismic. 

We know that all the civil lunar years of the new 
calendar, which begin on the first of January, are embo- 
lismic, when they have for epact 29, 28, 27, 26, 25, 24, 
23, 22, 21, 19; and also 18, when the golden number is 
-19. 

• Thus we know, that in the year 1693, the epact of which 

'WIS 3, the lunar civil year was embolismic ; that is, had 

n^WOODai this happened because the month of August 



had two latUitionSy one of which ended on the first^ and 
the following one on the 30th of the same month. <^^ 

PROBLEM XVÎ. 

To find hm hng the light of the moon will continue during 

any given night* 

Having found the moon's age, by prob. 5, add to it 
unity, and multiply the sum by 4*, if it does not exceed 
15; but if it exceeds 15 subtract it from 30, and then 
multiply the remainder by 4 : if the product be divided by 
5, the quotient will indicate as many twelfth parts of thte 
night, during which the moon will afford light. These 
twelfth parts are called unequal hours. They most be 
counted after sun-set when the moon is increasing ; and 
before sun-rising when she is decreasing. 

Thus, if it were required to find how long the moon 
shone on the night of May Slst, 1693, at which time her 
age was 17; add 1 to 17 and subtract 18 the sum from 30; 
if 1 2, the remainder, be multiplied by 4, and if the product 
46 be divided by 5, the quotient will give 9 unequal hours 
and -f» for the time during which the moon afforded light 
before sun-rise. 

If it be required to find how long the moon gave light 
on the night between the 14th and 15th of February 1750; 
we must first find the moon's age on the 14th of February, 
which is 26, and having added 1 to it, the sum will be 27* 
This sum subtracted from 30, leaves 3 for remainder, which 
multiplied by 4 gives 12; and if this product be divided 
by 5, the quotient will be 2 f unequal hours; that is to say 
S twelfth parts of the nocturnal arc, which must be re- 
duced to equal and astronomical hours by the following 
remark. 

Remark. — ^When the length of the given day or night 
is known, it is easy to reduce unequal boors to equal or 
astronomical hours, each of which b the f 4di part of a 
nauoml dajy coniNrebe&diiig the day «ad night. Thai, in 
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the first example, smoe the length of the night at London 
on the Slst of May, is 8 hours 10 minutes ; if S hours 10 
minutes be divided by 12, we shall have 40 minutes 50 
seconds, for the value of an unequal hour; this multiplied 
"'y ^9 ^he number of unequal hours during which the 
moon gave light, from the time of her rising till son^risCy 
we shall have 6 equal hours and S2 minutes, as the time 
comprehended between the rising of the moon and that of 
the sun. 

Cqbollartv— By these means the time of the moon^s 
rising may be known, provided we know the hour at which 
the sun rises ; for if 12 hours be added to the time of thé 
ton's rising, which is 4 hours 5 minutes, and if from the 
sum, 16 hours 5 minutes, we subtract 6 hours 32 minutes, 
which is the time comprehended between the rising of the 
moon and that of the sun, the result will be 9 hours 38 
minutes, for the time <^ the moon's rising. 

PROBLEM XVII. 

Jn easy method of finding the Calends, Nones ^ and Ides^ of 

any month, in the year. 

The denomination of Calends, Nones, and Ides, was a 
angularity in the Roman Calendar ; and as these terms 
frequently occur in classical authors, it may be useful to 
know how to reduce them to our method of computation. 
This may be easily done by means of the three following 
Latin verses. 

PriDcipiam mensis cujusqie Tocato ealendas : 
S«z Maias nouas, October, Julius et Mars; 
Quatuor at reliqul; dabit idns quidlibet octo. 

Which have been thus translated into French : 

A Mart, Juillet, Octobrt et Mai 
Six Nones le$ gem ont donné; 
. AuM nufret main fwttre gardé; 
Huit I4ep i 4oiu êfiméi. 

The «leaning of these verses is, that the first day of each 
month is alwqrs called tketakwis; « 
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That in the months of March, May^ July and Octobcsr 
the wmes are on the 7th day, and in all the other months 
on the 5th ; 

Lastly, that the ides are 8 days after the nones, viz^ on 
the 15th of March, May, July and October ; and on tb^ 
ISdi of the other months. 

It must now be observed that the Romans counted the 
other days backwards; always decreasing, and that diey 
gave the name of nones to those days of the month whicli 
wece between the calends and nones of that month ; that 
of ides to those days which were between the nones and 
ides of that month ; and the name of calends to those days 
which remained between the ides and the end of the pre^ 
ceding month. 

Thus, in the four months of Marcb^ May^ July and Oe- 
tober, where the nones had 6 days, the second day of the 
month was called sexto nanas; that is to say the sixth day 
before the nones, the preposition ante being here under- 
stood. In like manner %he third day was called qumto 
fumas; that is to say the fifth day of the nones, or before 
the nones ; and so of the rest. But, instead of calling the 
sixth day of the month secundo nonas, they said pridie 
nonas; that is the day preceding the nones. They said 
also postridie calendas, the day after the calends ; postridie 
nonas, the day after the nones -, postridie idus, the day after 
the ides. 

^ PROBLEM xvin. 

To find what day of the calends^ nones, or ides, corresponds 
to a certain day of any given month. 

To solve this problem ^ attention must be paid to the re- 
mark already made, that all the days between the calends 
and the nones belong to the nones ; that those between the 
nones and the ides bear the name of ides ; and that those 
between the ides and calends of the following month, have 
the name of the calends of that month. This being pre- 
mised, the following method opius^ be pursued. 
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1st. If the day of the month belongs to the calends^ add 
2 to the number of the days in the month, and from the 
fam subtract^he given number : the remainder will be the 
day of the calends, 

. Thus, for example, to find to what day of the Roman 
calendar the 25th of May corresponds, it is first to be ob- 
lenred that it belongs to the calends, since it is between 
tbè ides of May and the calends of June. As the month 
of May has SJl days, add 2 to this number, which will make 
33 ; and if 25 be subtracted from the sum, the remainder 
tf will show that the 25th of May corresponds to the 8th 
of the calends of June; that is to say, the 25th of May 
amoi^ the Romans was called octwvo calendas JunU. 

2d. If tfaie day of the month belongs to the ides or the 
nones, add I to the number of days elapsed between the 
fintt of the month and the ides or nones inclusively ; from 
this sum subtract the given number, which is the day of the 
month, and the remainder will be exactly the day of the 
nones or ides. 

We shall suppose, for example, that the given day is 
the 9th of May, which belongs to the ides; as it is between 
the 7th day of the nones and the 15th day of the ides. If 
1 be added to 15, and 9 be subtracted from the sum l6, 
the remainder 1 will show that the 9th of May corresponds 
to the 7th of the ides of that month; that is, the 9th of May 
among the Romans was called septimo idus Maii. 

In like manner, if the proposed day be the 5th of May, 
which belongs to the nones, because it is between the 1st 
and 7th ; add 1 to 7, and from the sum 8, subtract 5, or 
the given day of the month : the remainder S shows that 
the 5th of May corresponds to the 3d of the nones ; or that 
the Romans called the 5th of Maiy ,Jertio nanàs Maii, 
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PROBLEM XIX. 

The day of the calends^ ides^ or nenes, being given ; kf jmi 
the corresponding day of the month. 

This problem may be solved by a method similar to that 
employed in the preceding ; but with this difference, that 
instead of subtracting the day of the month, to obtain that 
of the calends, &c, the latter is subtracted to obtain tbe 
day of the month. 

Let it be required for example, to find what day of the 
month corresponds to the 6th of the calends of June, which 
the Romans expressed by sexto calendas Junii. As the ca» 
lends are counted in a retrograde order from the 1st of 
June towards the ides of May, it is evident that the 6tb of 
the calends of June corresponds to some day in the month 
of May ; and as that month has 31 days, add 8 to SI, and 
from the sum 33, subtract 6, or the given day of the ca- 
lends: the remainder, 27, shows that the 6th of thecalendi 
of June corresponds to the 27th of May. 

Thef same operatioii«must be employed, in regard to the 
nones and the ides. / 

Remark. — The above two questions may be easily solved 
also by means of a table of the Calends, Nones and Ides, 
which will be found with other tables at the end of this 
part. 

Of the Cycle of Indiction. 

The cycle of indiction is a period of 15 years, distia- 
guished by that name, according to some authors, because 
it served to indicate the year in which a certain tribute 
was paid to the Roman republic ; and hence it is called the 
Reman Indictim. 

It is called also the pontifical indiction, because employed 
by the court of Rome in its bulls, and in all its decrees. 
The following, it is said, is the origin of this custom. In 
the vear 312, Constantine issued an edict, by which he au- 
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thorised tbe exercise of the Christian religioD throughout 
the whole empire* Some years after, the council of Nice 
was assembled, which in 328 condemned the heresy of 
Arius: in the space therefore of 15 years Christianity tri- 
umphed over persecution and heresy ; and on that account 
k was considered as a memorable period. To preserve 
the remembrance of it, the cycle of indiction was establish- 
ed; Ibe comoiencement of which was fixed at the 1st; of 
Jhmnary 3 13, to make it begin with the solar year ; though 
tile epoch of this cycle, according to tbe institution of 
CeûBtaotine, bad been ftxed at the month of September 
M2, the date of his edict in favour of tbe Christians. It 
wtts the emperor Justinian however who first ordered, that 
the method of con^puting by the indiction, should be in* 
troduced into the public acts. 

But, whatever may have been its origin, which Petau 
considers as very doubtful, it is certain that the first year 
of tbe ifidiction was the year 313 of the Christian sera. Tbe 
year 3 12 therefore must have corresponded to 15 of tbe 
indietion, had this method of computation been then in 
use ; and if 312 be divided by 15, the remainder will be 
18; which shows that the lath year of the Christian ssra 
Was the 15th of the indiction : consequently this cycle must 
have begun three years before the birth of Christ ; or, in 
other words, the first year of the Christian œra correspond- 
ed to the 4th of the indiotion, and hence we have a ^lu* 
tion of the following problem. 

PEOBLSM XX. 

^find the number of the Itoman indiction which correspond* 

to af^ given year. 



Add 3 to the given year, and divide the sum by 15: the 
remainder will indicate the current year of the indiction. 

Let it be required, for example, to find the indiction of 
the year 1813. If 3 be added to 13 13, we shall have 1816, 

o2 



196 CHRONOLOGY. 

and if this sum be divided by 15, the remainder will be 1. 
Hence it appears that the indiction for 1813 is 1. 

Of the Julian Period; and some other periods of the like 

kind. 

m 

The Julian period is formed by combining tc^etber the 
lunar cycle of 19 years, the solar of 28, and the cycle of 
indiction of 15. The first year of this period is sappoièd 
to have been that which corresponded to 1 of the imMur 
cycle, 1 of the solar cycle, and 1 of the cycle of indictioiL 

If the numbers 19, 28 and 15 be multiplied together» 
the product 7980 will be the number of years compie» 
bended in the Julian period ; and we are assured by the 
laws of combination, that there cannot be in one rerolu» 
tion two of these years which have at the same time the 
same numbers. 

This period is merely an artificial one,inTented by Julius 
Sealiger ; but it is convenient on account of its extent, as 
we can refer to it the commencement of all known «rasi 
and even the creation of the world, were that epoch cer- 
tain ; for according to the common chronology, it was only 
3950 years before the Christian sera. But the commence- 
ment of the Julian period goes 4714 years beyond that 
SBra ; and hence it follows that the creation of the world 
corresponds to the year 764 of the Julian period. 

The method by which it is found that the year of the 
birth of Jesus Christ was the 4714th of the Julian period| 
is as follows. It is shown, by a retrograde calculation, 
that if the three cycles, viz, the solar, lunar, and indiction, 
had been in use at the birth of Christ, the year in which 
he was born would have been the 2d of the lunar cycle» 
the 10th of the solar, and the 4th of the cycle of indiction. 
But these characters belong to the year 4714 of the above 
period, as will be seen in the following problem. That 
year therefore must be adapted to the year of the birth of 



THE JULIAN FBRIOD. lOT 

Cbrist ; from which if we proceed backwards, calculating 
the intervals of jinterior events, from the profane historians 
and sacred scriptures, it will be found that there were 
S950 years between that period and the creation of Adam. 
If 3950 then be subtracted from 4714, the remainder will 
be 764 ; so that the Julian period is anterior to the créa- 
tlbn of the world by 764 years. 

PROBLEM XXT. 

JÊÊi^ycÊT ^ the Julian period being given ; to find the eetre- 
■ efinding jfear of the lunar cycle ^ the solar cycle, and the 
eyele of Miction. 

Let the given year of the Julian period be 65£2. Divide 
tins number by 19, and the remainder 5, neglecting the 
quotient, will be the golden number; divide the same 
number by 2S, and the remainder 26 will be the year^of 
the solar cycle ; if ^S2A be then divided by 15, the re- 
mainder 18 will indicate the indiction. If nothing remains, 
when the given year has been divided, by the number be- 
jongihg to one of these cycles, that number itself is the 
numlber of the cycle. Thus, if the year 6525 were pro- 
posed I when divided by 15 nothing remains, and therefore 
the indiction is 15. 

' But if it were required to find what year of the Christian 
aslra corresponds to any given year of the Julian period, 
such for example m 6522, nothing is necessary but to sub- 
tract from it 4714 ; the remainder 1808 will be the num- 
ber cf years elapsed since the commencement of the 
Christian ssra. 

All this is so plain that it requires no farther illustration. 

PROBLEM XXII. 

The bmar and solar cycles and the cycle of indietion corrC' 
spending to any year being given, to find its place in the 
Julian period. 

Multiply the number of the lunar cycle by 4200, that 
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bf the solar cycle by 4845, and that of the iodiction hy 
6916. 

Add together all these products, and divide the mm by 
7980 ; the number which remains will indicate the year of 
the Julian period*.* 

Let the lunar cycle be S, the solar It), and the indiction 
4 ; which is the character of the first year oi the Christian 
«ra. In this case 4200x2=8400; 4845x10=48450; 
and 6916 x 4=27664 ; the sum of these products is 84514, 
which divided by 7980, leaves for remainder 4714." Tfce 
year therefore in the Julian period, %o wbteh'the above 
characters correspond, is the 4714th, or the origtti df the 
Julian period is 4713 years anterior to the Christian snu 

Rbmarks.— L There is another period, called HUe 
Dionyidan, which is the product of the lunar cycle 19, and 
the solar cycle 28; conseqtirently it comprehends 558 
years. It was invented by Dionysius Exiguus, about the 
time of the council of Nice, to include all the varieties of 

* The year of the Julian period may be found also by the fioDowiiif 
general rule : Multiply the golden numb^ by 3780, and the indiction by 
10^; subtraict the sum of these products from the product of 4845. multi* 
plied by the solar cycle ; divide the difference, if it can be done, by 7980, 
and the remainder will be the year of the Julian period. 

The leaion of this rule may be found in the solution of the following aL> 
gebraic problem : Td find a number which divided by 28, shaU leave for ne- 
mainder a; divided by 19, shall leave b; and by 15, shall leave c. 

Call the three quotients, arising from thé division of the required nuoofber 

according to the terms o^ the problem, x, y, %, Then the number wdl lc 

«■S8ff-haail9y<f ^HBlSs-f tf. From the first equation 9S9'^m»%9yi^i^^ 

9ir + a— & 9x+a-^b 

we have fi»m+ •* Now since — is an inteeer'number. let ua 

19 19 

9« + fl— ft , ^ tn-'a+b 
suppose It SB m, then m — ■ ■' — , and $«^2m-^ , or makimg 

———■■«, or m^l9 n-f a— 6, wjj have by substitution, ir= 19 «+2,a»S^. 

Tberefore28i»+«»538ti^57«— 56 2^«al^9-t-4;i)y thethiixl quoti«^^; and 
by resolving this equation in the same manner, putting p and a to demote tha 
successive fractions, we shall find the number sought to be 15 s-hcaVQSOf -I- 
4845 a- 3T806 &— 1064 c. 
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ibe new moons and of tbe dominical letters; so that, after 
532 years, tbey were to recur in tbe same order, which 
would have been yery convenient for finding Easter and 
ale moveable feasts i but as it supposed the lunar cycle to 
^be perfectly correct, which is not the case, this period is 
no lODger used. 

n« As among tbe cycles of the Julian period there is 
#ne^ viz,^at of indiction, which is merely a political in» 
stifcdtion, that is, which has no relation to the motions of 
the heavenly bodies, it would liave been of more utili^ 
perhaps, to substitute in its stead that of the epacts, which 
ia astronomical, and contains SO years: the number of 
years of the Julian period would, in this case, have been 
15960* This period of 15960 years, was called by the 
inventor of it, Father John Louis d'Amiens, a capuchin 
friar, the period of Louis the Great. But it does not appear 
that it met with that reception from chronologists, which 
tbe author expected. 

Of some Epochs or Periods celebrated in History. 

I. 

Tbe first of these epochs is that of the Olympiads. It 
takes its name from tbe Olympic games, which, as is well 
known, were celebrated with great solemnity every four 
y^rs, about the winter sçlstice, throughout all Greece. 
These games iwere instituted by Hercules ; but having 
fallen into disuse, they were revived by Iphitus, one of 
the Heraclidse, or descendants of that hero, in the year 
176 before Jesus Christ ; and after that time they continued 
to be celebrated with great regularity ; till the conquest 
of Greece by the Romans put an end to them. The œra 
or epoch of the olympiads» begins therefore at the sununer 
solistice of the year 176 before Christ. 
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PROBLEM XXIII. 

To convert y ears of the Olympiads into years of the Christum 

ara. and vice versa. 

1st* To solve this problem, subtract unity from die 
number of the olympiads, and multiply the remainder by 
4 ; then add to the product the number of years of the 
olympiad which have been completed , and from the last 
sum subtract 775 ; or, if the sum be less, subtract it from 
776 : in the first case, the result will be the current year 
of the ^Christian sera, and in the second, the year before 
that sera* 

Let the proposed year, for example, be the third of tbe 
76th olympiad. Unity subtracted from 76 leaves 75, which 
multiplied by 4 gives for product 300. The comply 
years of an olympiad» while the third is current, are i2 ; if 
2 therefore be added to 300, we shall have 302. But as 
302 is less than 775,. we must subtract the former from 776, 
and the remainder 474, will be the cun*ent year before 
Jesus Christ. 

As a second example we shall take the 2d year of the 
201st olympiad. If one be subtracted from 20], the re- 
mainder is 200 ; which multiplied by 4 gives 800» and 1 
complete year being added makes 801. But 775 subtracted 
from 801 leaves 26 ; which is the year of the Christian aBra> 
corresponding to the 2d year of the 201st olympiad. 

2d. To convert years of the Christian aera into years of 
the olympiads; the number of years, if anterior to the 
birth of Christ, must be subtracted from 776 ; or, if pos- 
terior to that period, 775 must be added to them: if the 
result be divided by 4, the quotient increased by unity 
will be the number of the olympiad ; and the remainder, 
also increased by unity, will be the current year of that 
olympiad. 
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- Let the proposed year, for example, be 1715. By add. 
ing 775, the sum is S490 ; and this number divided by .4, 
giifet for quotient 622, with a remainder of 2. The year 
1715 theirèfore was the 3d year of the 623d olympiad ; or 
more correctly, the last six months of the year 1715, with 
the -first six months of I7l6, corresponded to the 3d year 
of the 629d olympiad. 

II. 

The œra of the Hegira is that used by the greater part 
' of the followers of Mahomet : it is employed by the Arabs, 
the Turks, the various nations in Africa, &c ; consequently, 
it is necessary that those who study their history, should 
be able to convert the years of the hegira into those of the 
Christian sera, and vice versa. 

For this purpose, it must be first observed that the years 
of the hegira are nearly lunar ; and as the lunar year, or 
12 complete lunations, forms 354 days 8 hours 48 minutes ; 
if the year were always made to consist of 354 or 355 days, 
thé new moon would soon sensibly deviate from the com- 
mencement of the year. To prevent this inconvenience, 
a period of SO years has been invented, in which there are 
-10 common years, that is to say of 354 days ; and 1 1 ero- 
ibdismic, or of 355 days. The latter are the 2d, 5th, 7tb, 
lOtb, 13th, 15th, 18th, 2lst, 24th, 26th, and 29tb. 

It is to be observed also, that ttie first year of the 
hegira began on the 1 5th of July, 622, of the Christian 
sera. 

PROBLEM XXIV. 

To find the year of the Hegira which corresponds to a gwen 

Julian year. 

To resolve this problem, it must first be observed that 
288 Julian years form nearly S35 years of the Hegira. 
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Tbis being supposed, let us take, as example, the year 
1770 of the Christian sera. Now as 621 years complete of 
our sera had elapsed when the hegira began, we must first 
subtract these from 1710, and the remainder will be. 1 14t. 
We must then employ this proportion: if 22S Julian 
years giro 2S5 years of the hegira, how many will 1149 
giye: the answer will be 1184, with a remainder of 99 
days. The year 1770 therefore, of the Christian asra, 
corresponded, at feast in part, to the year 1184 of the 
hegira. 

On the other hand, if it be required to find the year of 
the Christian sera which corresponds to a given year of 
the hegira, the reverse of this operation must be em* 
ployed : the number thence resulting will be that of the 
Julian years elapsed since the commencement of the he- 
gira; and by adding 621, we shall have the current year 
after the birth of Christ. 

We shall say nothing further on this subject, but Ar- 
minate the present article with a few useful tables. The 
first contains the dates of the principal events recorded in 
history, and of the commencement of the most celebrated 
aeras; the second is a table of the golden numbers for 
every year from the birth of Christ to 5600 ; the third 
a table of the <lominical letters from 1700 to 5600; the 
fourth a table of the index letters for the same period ; the 
fifth a table of the epacts ; and the sixth a table of the 
calends, nones, and ides. 
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A TABLE 



*« -^ 



Ofihej/eatscfthe most remarkuNe Epochs #r JSrësmid 

Events. 

lUmATkakl* Erents. Idwii Yeart of Tem be- 

Period. theWorid. fore Chriit 

The creation of the world . • 706 4007 

The deluge, or Noah's flood . 2362 1656 2351 
Assyrian monarchy fonnded by 

Nimrod ....... 2537 1831 2176 

The birth of Abraham ... 2714 2008 1999 
Kingdom of Athens founded 

hf Cecrops 3157 2451 1556 

Entrance of the Israelites into 

Canaan • 3262 2556 1451 

Thedestruction of Troy . . 3529 2823 1134 
Sokiiion's temple founded . 3701 2995 1012 
The Argonautic expedition . 3776 3070 937 
Lypargus forsied his laws . 3829 3103 884 
Arbtees 1st king of the Medes 3838 3132 875 
Olympiads of the Gredcs be- 
gan , 3938 3233 775 

Bcmf built, or Roman sera . 3961 9255 762 

iEra of Nabonassar .... 3967 3261 746 

Fifvt Babytpnish captiir^ty by 

Ndbuchadne^Kzar .... 4107 3401 006 

The 2d ditto» ^nd birtJi of Cy- . 

rus 4114 8408 598 

Solomon's teoiple destroyed . 4125 $419 48? 
Cyrus began to reigii iu Baby- 
lon 4177 3471 53$ 

Peloponesian war began • • 4282 3576 4SI 

Alexaader ibe Great d«ed . • 439Q 3684 381 
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Remarkable Eventf. Julian Tean of Tears be* 

Period, the World, fore Christ. 

Captivity of 100,000 Jews by 

Ptolemy 4S93 

Archimedes killed at Syracuse 4506 

Julius Cœsar invaded Britain • 4659 

He corrected the calendar • 4667 

The true year of Christ's birth 4709 



3687 


390 


3800 


207 


S953 


54 


S96l 


46 


4003 


4 



Christian JEra begins here. 

Remarkable Events. Julian Years of Years liaoe 

Period, the World. Cfarni. ' 

Dionysian, or vulgar «ra of 

Christ's birth 4713 4007 

Christ crucified, Friday April 

Sd . . • 4746 4040 33 

Jeruâtlem destroyed . . . 4783 4077 70 

Adrian's wall built in Britain 4833 4127 1€0 

Dioclesian epoch, or that of 

Martyrs . 4997 4291 284 

The council of Nice . . • 5038 4832 325 

Constantine the Great died . 5050 4344 337 

The Saxons invited into Bri- 
tain 5158 4452 445 

Hegira, or flight of Moham- 
med 5335 4629 662 

Death of Mohammed . . • 5343 4337 680 

The Persian yesdegird • • . 5344 4638 631 

Sun, moon, and planets, seen t 

from the earth 5899 5193 1186 

Art of printing discovered . 6153 5447 1440 

Constantinople taken by the 

Turks 6166 5460 1453 

Reformation begun by Luther 6230 5524 1517 
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Rfemarkable Eventi. Julian Tears of Yean tÎDce 

Period, the World. Christ. 

The calendar corrected by 

Pope Gregory 6295 5589 1582 

Sir Isaac Newton born • • • 6355 5649 1642 
Made president, of the Royal 

Society 6416 5710 1708 

Died, March 20th .... 6440 5734 1727 
New planet discovered by Hers- 

cbel 6494 5788 1781 

New planet discovered by Pi- 

azzi 6514 5808 1801 

New planet discovered by Gi- 
bers 6515 5809 1802 

New planet discovered by 

Harding ... . . . -6517 5811 1804 

Second new planet discovered 

by Gibers 6520 5814 1807 

Table of some other remarkable events, relating chiefy to 

the Arts and Sciences. ^ 

A.D. 

Useof bells introduced into churches 605 

Alexandrian library destroyed and Egypt conquered 

by the Saracens 641 

Organs first used in churches 660 

Glass invented by a bishop and brought to England 

by a Benedictine monk • • . . . • . • 663 
^abic cyphers introduced into Europe by the Sa- 
racens • • • • 991 

Astronomy and Geography brought to Europe by 

the Moors 1120 

Algebra brought to Europe from Arabia .... 1200 

&lk manufacture introduced at Venice from Greece 1209 

Spectacles invented by a monk of Pisa • • • • 1299 
The mariner's compass invented or improved by 

' Eiavio , V J . . ... 1802 
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A.D. 

Gunpowder invented by a monk of Cologne • • 1S30 
The art of weaving cloth brought from Flanders 

to England I3$l 

Cannon first used in the English service by the Go- 
vernor of Calais 138S 

First company of linen-weavers settled in England 138$ 
Cards invented for the amusement of the French 

king . . ' . 1391 

Great guns first used in England at the siege of 

Berwick 1405 

Paper made of linen rags invented ..... 1417 

Printing invented in Germany • . 1440 

Engraving and etching invented ...... 1459 

Cape of Good Hope discovered . 1488 

Geographical maps and sea charts brought to Eng- 
land .... l4é9 

America discovered by Columbus . . . . . . 1492 

First voyage round the world by Magellan . . • 1522 

Variation of the compass discovered by Cabot . . 1540 

Iron cannon and mortars made in England . . . 1543 

Glass first manufactured in England 1557 

First proposal of settling a colony in America . . 1583 

Bomb-shells invented at Venloo ...,..• 1586 
Telescopes invented by Jansen^ a spectacle-maker 

of Holland 1590 

Art of weaidng stockings invented by Lee in Cam- 
bridge ; 1590 

Watches brought to England from Germany • . 1597 

Thermometers invented by Drebbel, a Dutchman 1610 
Galileo first observed three of Jupiter's satellites, 

Jan. 7th , . 1610 

Logarithms invented by Lord Napier of Scotland . 16M 

Circulation of the blood discovered by Harvey • • 16 IS 

Gia^ttes first published àt Venice •...,. ]6|0 
Transit of Mercui^ over the sua*^ didk first obiserved 

by Gassendi, Nov. 17th 1^31 
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Galileo coodemned by the inquisition . . • • • 
French academy established, January . • . • 
Transit of Mercury observed by Cassini^ Nov. 11th 

Pblemoscope invented by Hevelius 

Transit of Venus observed by Horrox, Nov. 24th « 
Barometers invented by Toricelli •••... 
Aoyal academy of painting founded by Louis XIV • 
Galileo first applied the pendulum to clocks • . 
Air pump invented by Otto Gueric of Magdeburg 
Huygens first discovered a satellite of Saturn^ 

March 25th 

Aoyal Society of London established, July 15th 
Royal academy of inscriptions and belles-lettres 

founded 

Academy for sculpture established in France 
The observatory of Paris founded .... 
Magic lantern invented by Kircher . . « . 
Academy of sciences established in France . 
Cassini discovered 4 of Saturn's satellites in 

course of a few years 

The royal observatory at Greenwich built . 
The anatomy of plants made known by Grew 
Xhe Newtonian philosophy was published • 
The academy of Sciences founded at Berlin 
Aeademy of sciences established at Petersburg 
Aberration of the fixed stars discovered and aç 

counted for by Bradley 

Transit of Mercury observed by Cassini, Nov. 1 1th 
Academy of sciences founded at Stockholm 
New style introduced into Great Britain, Sept. 3d 

being reckoned Sept. 14th 

British Museum established at Montague-House 
Transit of Venua«over the sun, June 6th . . 
Royal academy of arts established^t London . 
Transit of Venus over the sun's disk, June 3d . 



the 



A.D. 

I63S 
1635 
16S6 
1637 
1639 
1643 
1643 
1649 
1654 

1655 
1663 

1663 
1664 
1664 
1665 
1666 

1611 
1676 
1680 
1686 
1701 
1724 

1727 
1736 
1750 

1752 
1753 
1760 
1768 
1769 
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Eminent British Philosophers and Mathematicians. 

Died. 

Arbuthnot, John, M.D 1705 

Bacon, Roger, philosopher 1294 

Bacon, Lord, ditto ~ 1626 

Barrow, Isaac, mathematician 1677 

Boyle, Robert, phil \ i691 

Brerewood, Edward, phil. and math 1613 

Briggs, Henry, math l630 

Cheyne, (îeorge, phys. and phil 1748 

Clark, Samuel, phil. and math. ..•...• 1729 

Cook, James, navigator ^ 1779 

Derham, William, phil 1735 

Dudley, Sir Robert, phil. and math 1639 

Evelyn, John, phil 170€ 

Ferguson, James, phil. and mech 1776 

Graham, Greorge, math, and mech 1751 

Gregory, James, prof. St. Andrew's 1675 

Gregory, David, prof. Oxford, astronomy . . . 1708 

Gunter, Edmund, astron 1626 

Hales, Stephen, phil 1761 

Halley, Edmund, astron 174S 

Harriot, Thomas, math 1621 

Harrison, John, inventor of the time-keeper .^ . 1776 

Harvey, William, phys. dis. cire, of the blood . . 1657 

Horrox, Jeremiah, astron 1641 

Keil, John, math, and astron 1721 

Locke, John, phil 1704 

Long, Robert, astron ^» • 1770 

Lyons, Israel, math 1775 

Maclaurin, Colin, math^ 1746. 

Newton, Sir Isaac, math, and phil 1727 

Pell, John, math • • 1686 
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Pemberton, Henry, phi] 1771 

Ray, John, phil 1705 

Simpson, Thomas, math 1761 

Watts, Isaac, phil. and math 1748 

Wbiston, William, astron 1752 

Wilkins, John, phil 1672 

Wren, Sir Christopher, math 178S 
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Use of the foeeooimg Tables* 

Itt. Table of the Golden Numbers. 

This table contains the centenary years, that is to say, the 
last years of each century, arranged in cells at the top, and 
the intermediate years in the ten cells on the left band. 
The centenary years which have the same golden number, 
are placed in different cells, but below each other in a line, 
as 1800, S700, 5600. The golden numbers belong, some 
to the centenary years, and others to the intermediate 
years. The former are placed in a row by themselves 
below the centenary years, and are as follow : 1, 6, 11, 
16, 2,7, 12, 17, 3, 8, 13, 18, 4, 9, 14, 19, 5, 10, and 15. 
The latter will be found in a line with the intermediate 
years distributed in SO different cells. 

I. Now to find the golden number of a centenary year, 
for example 1800.; first look for the centenary year in the 
ceil to which it belongs, and immediately below it, in the 
row at the bottom standing by itself, will be, found 15, 
which was the golden number of that year. 

II. To find the golden number of an intermediate year, 
1813 for example. Find the centenary year 1800 in its 
proper cell, and the intermediate year 13 in the cells on 
the left hand; then on a line with 13, and exactly below 
1800, will be found 9, the golden number of 18 J 3. It is 
here to be observed that this table, though printed on two 
separate pages, for the sake of convenience, forms only 
one, the lines in each page being so arranged as to cor- 
re^ond. The case is the same with the folio wing, table 
oJF the dominical letters. 

2d. Table qfthe Dominical Letters. 

The centenary years are arranged in this table, as in 
the preceding, in the four cells at the top, and the inter, 
mediate years in the seven cells on the left. All the cen- 
tenary years which have the same dominical letter, are ar- 
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ranged together in one cell. Those which have c for do- 
minical letter in the first, those which have e in the se- 
cond, those which have 6 in the third, and those which 
have BA in the fourth. As in 40 centenary years, the 
number comprehended in this table, there are 10 bissex- 
tiles, these 10 years have been placed in the fourth cell, 
and the other 30 in the first three. The intermediate years 
placed horizontally in the same cell differ by 28 years, he* 
cause the solar cycle contains only that number. Thus 
the difference between 1 and 29 in the first cell, is 28, and 
the case is the same with 29 and 5'7, &c. Each collateral 
cell contains four perpendicular rows, consisting each of 
four numbers, because a bissextile recurs every four years. 
The four first dominical letters, in the four upper oells, 
viz, B, D, F, 6, correspond to the numbers 1, 29, 57^ 85, 
in the first cell of intermediate years ; the case is the same 
with the dominical letters in the next row, a, c, e, f, in 
regard to the numbers 2, 30, 58, 86 ; and so on through- 
out the table. 

I. To find the dominical letter of a centenary year^ 
1800 for example. Look for 1800, which stands in the 
second cell at the top, and immediately below it will be 
found the letter e. 

II. To find the dominical letter of an intermediate yèar^ 
as 1813. First find the centenary y^ear 1800 in its proper 
cell ; then look for 13 among the intermediate years, on 
aline with which, and below the cell containing 180O, will 
be found the letter c. 

3d. Table of the Index Letters, and Table of the Epacts. 

The use of the first of these tables will readily appear, 
when we have explained the nature of the second. The 
table of the epacts contains the golden numbers in the ho- 
rizontal column at the top : the index letters are arranged 
in the first perpendicular column, and the epacts in co- 
lumns parallel to it. Now if the epact of any year be re^ 
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quired ; first find the golden number of the proposed year, 
and, in the table of index letters, the letter corresponding 
to the centurj ; then look for the same letter in the table 
of the epacts, and also for the golden number at the top; 
and on a line with the index letter, and directly below the 
golden number, will be found the epact required. 

Let it be proposed, for example, to find the epact of 
1813, the golden number of which is 9. Look in the table 
of the index numbers, and it will be found that the letter 
corresponding to 1800 is c ; then find c in the first co- 
Huhd on the left of the table of epacts ; and on a line with 
H, and directly below ix among the golden numbers, will 
be found xxviii, the epact of the year 1813. The epact of 
any other year, till the year 5600, may be found in like 
manner. 

4th. Table of the Calends^ Nones, and Ides. 

This table requires little explanation : look for the given 
month at the top, and in the column below it, and oppo- 
site to the proposed day, will be found the corresponding 
day of the Roman calendar. The day of our calendar, 
corresponding to any given day of the Roman calendar, 
may be found with the same ease. 
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PART SEVENTH, 



Containing the viosi useful and interesting Problems in 

Gnomonics or Dialling. 

GnOMONICS or Dialling is the art of tracing out on a 
plane, or even on any surface whatever, a sun-dial ; that is, 
a figure, the different lines of which, when the sun shines, 
indicate by the shadow of a style the different hours of the 
day. This science depends therefore on geometry and 
astronomy, or at least on a knowledge of the sphere. 

As many people construct sun-dials without having a 
clear idea of the principle which serves as a basb to this 
part of the mathematics, it may not be improper to begin 
with an explanation of it. 

The General Principle of Sun-Dials. 

Conceive a sphere, with its 12 horary circles or meri- 
dians, which divide the equator, and consequently all its 
parallels, into 24 equal parts. Let this sphere be placed 
in a situation suited to the portion of ihe dial ; that is, let 
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its axis be directed to the pole of the place for which the 
dial is constracted, or elevated at an angle equal to Ûnt 
latitude. Now if we suppose a horizontal plane cutting 
the sphere through its centre, the axis of the sphere will 
represent the style, and the different intersections of the 
horary circles with that plane will be the hour-lines ; for 
it is evident, that if the planes of these circles were infi- 
nitely produced, they would form in the celestial sphere 
the horary circles, which divide the solar revolution into 
24 equal parts. When the sun therefore has arrived at 
one of these circles, that of 3 in the afternoon for example, 
he will be in the plane of the similar circle of the sphere 
above mentioned ; and the shadow of the axis or style will 
fall upon the line of intersection, which that circle forms 
with the horizontal plane : this line then will be the line 
of 3 o'clock ; and so of the rest. 

All this is illustrated in fig. 1 plate 1, which represents 
a part of the sphere, with six of the horary circles, pp is 
the axis, in which all these circles intersect each other ; 
AHB h the horizontal plane, or horizon of the sphere, in- 
definitely continued ; ab the meridian ; de the diameter 
of the equator, which is in the meridian ; and dhe A the 
circumference of the equator, of which dhe is a half, and 
DH a quarter. This quarter of the equator is divided 
into six equal parts, d 1 , 1 2, 2 3, S 4, 4 5, 5 6, and through 
these pass the horary circles, the planes of which evidently 
cut the horizon in the lines c 1, c 2, c 3, c 4, c 5^ c 6 : 
these are the hour-lines ; and if we suppose them conti- 
nued to AF, which is perpendicular to the meridian CA, 
they will give the hour-lines c i, cii, cm, civ, cv, 
c VI. The style will be a portion cs of the axis of the 
sphere ; which consequently ought to form with the me- 
ridian, and in its plane, an angle sca, equal to the height 
of the pole or pca. 

Should this reasoning appear too dry and tedious, an- 
other method may be employed to acquire a clear idea of 
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the principles of dialling. Construct a solid sphere, di* 
yided by its IS horary circles, and cut it in such a manner 
that one of its poles shall form with the plane of the section 
ail angle equal to the height of the pole of the given {riace. 
If the sphere, out in this manner, be then made to rest 
on a horizontal plane, with its pole directed towards the 
pole of the world, the points where the horary circles in« 
t^arsect tbe horisBpntal plane, will be readily seen ; and the 
common section of all the circles, which is the axis, will 
show the position of the style* 

For the sake of illustration, we have here supposed the 

section ci the sphere to be formed by a horizontal plane ;, 

but if the plane were vertical, the case would be similar, 

and the lines of intersection would be the hour- lines of a 

vertical dial. If the plane be declining or inclining, we 

shall have a declining or inclining dial: it may even be 

easily seen that this holds good in regard to every surface, 

^vrhatever be its form, convex, concave, or irregular, and 

^%fhatever may be its position. 

The style is an iron rod, generally placed in an inclined 

direction, the shadow of which serves to point out the 

liours: as before said, it is a portion cs of the axis of the 

«phere ; and in that case it shows the hour by the shadow 

of its whole length. 

An upright style, however, such as sq, is sometimes 
given to dials ; but in that.case it is only the shadow of the 
summit s that indicates the hour, because thb summit is 
a point of the axis of the sphere. 

Th^ -centre of the dial is the point c where all the hour- 
lines meet. It' sometimes happens, however, that these 
lines do not meet. This is the case in dials which have 
their plane parallel to the axis of the sphere ; for it is evi- 
dent that in such dials the intersections of the horary cir- 
cles must be parallel lines. : These dials are called dials 
without a centre. Vertical «ast and west diak, and dials 
turned directly towards the south, and inclined to the ho- 
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rizon at an angle equal to the latitude, or which if pro» 
daced would pass through the pole, are of this number. 

The meridian line, as is well known, is the intersection 
of the plane of the meridian with the plane of the dial; 
when the plane of the dial is vertical, it is always perpen- 
dicular to the horizon. 

The sobstylar line, is that marked out by the plane per» 
pendicular to the plane of the dial, and passing through 
the style. As this line is of great importance in declining 
dials, it is necessary to have a very distinct idea of it. For 
tins purpose, conceive a perpendicular let fall on the 
plane of the dial, from any point in the style ; and that 
a plane is made to pass through the style and the perpea* 
dicular: this plane, which will necessarily be perpendi- 
cular to that of the dial, will cut it in a line passing through 
the centre, and through the botrom^of the perpendicular^ 
and this line will be the substylar line. 

This line is the meridian of the plane j that is, it shows 
the moment at which the elevation of the sun above that 
plane is greatest. Care however must be taken not to 
confound this meridian with the meridian of the place, or 
the south line of the dial ; for the latter is the intersec» 
tion of the plane of the dial with the meridian of the 
place, which is the plane passing through the zenith of 
the place and the pole ; whereas the meridian of the plane 
of the dial, is the intersection of that plane with the meri- 
dian, or the horary circle passing through the pole and 
the zenith of the plane. 

In the horizontal plane, or any other which has no de- 
clination, the substyle and the meridian of the place co- 
incide ; but in every plane not turned directly towards the 
south or the north, these lines form greater or less angles. 

Lastly, the equinoctial is the intersection of the plane 
of the equator with the dial : it may easily be seen that 
this line is always perpendkular to the substyle; 



MERIDIAN LINE. 245 

PROBLEM I. 

To find the Meridian Line on a ffarixontal Plane. 

To find the meridian line, is the basis of the whole art 
of constracting sun-dials ; but as it is at the same time the 
basis of all astronomical operations, and as we have al« 
ready treated of it at full length in that part of this work 
which relates to astronomy, it would be needless to repeat 
heate what has been already said on the subject. We shall 
dierefore confine ourselves to one ingenious and little- 
known operation^ 

We shall give also hereafter a method of determining 
the position of the meridian line at all times, and in all 
pimces^ provided the latitude be known. 

PROBLEM tl. 

To find the Meridian by the Observation of three Unequal 

Shadows. 

The meridian line on a horizontal plane is found ge- 
nerally by means of two equal shadows of a perpendicular 
style ; the one observed in the forenoon and the other in 
the afternoon. For this purpose, several concentric cir- 
cles are described from the bottom of the style ; but not- 
withstanding this precaution, it may happen that it will 
be impossible to have two shadows equal to each other. 
This inconvenience however maybe remedied by three 
observations, instead of two. For this ingenious metbod, 
we are indebted to a very old author on Gnomonics, 
Qamed Muzio oddi da l/rbinoy who published it in a trea- 
tise entitled Gli Orologi solari neUe superficie piane. This 
author was exceedingly devout; for he piously thanks 
Our Lady of Loretto for having communicated to him, by 
inspiration, the precepts he has taught in his wjork. The 
operation is as follows. . 

Let p (pK 2 fig. 2) be the bottom of the style, and ps its 
height; Mid let three shadows projected by it be pA, pb 

VOL. III. Q 
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and pc; which suppose to be unequal, and let Pc be the 
shortest of them. From the point p draw pd, pe and pf 
perpendiculars to pa, pb and ^c, and all equal to each 
other, as well as to ps. Draw also the lines da, e^b and 
FC, on the two largest of which, viz, da and eb, assume 
DO and EH equal to fc ; then from g and h draw qt 
and HR perpendiculars to pa and pb, and join the pcnnta 
I and K by an indefinite line : make im and kl perpendir 
cular to IK, and equal to gi and kh ; and draw ml, 
which will meet I]k in the point n : if through n and« 
the line CN be drawn, it will be perpendicular to the me^ 
ridian; consequently by drawing, from p, the line vo, 
perpendicular to on, it will be the meridian required* 

As the demonstration of this problem would be too 
long, we must refer the reader to the fifth book of a work 
by Schooten, entitled ExercUatùnus Mathematica. 

PROBLEM III. 

To find the Meridian on a Plane j or the Substylar Line. 

After what has been already said in regard to the sub- 
stylar line, this operation will be easy ; for since this line 
is the meridian of the plane, nothing is necessary but to 
consider it as if it were horizontal, and to trace out on it 
the meridian by the same method : the line resulting will 
be the substyle, the determination of which is very neces- 
sary for constructing inclined or declining dials, and those 
which are both at the same time. 

PROBLEM IV. 

To describe an Equinoctial Dial. 

From any point c (pi. 2, fig. 3), as a centre, describe a 
circle aedb; and having drawn the two . diameters in- 
tersecting each other at right angles in the centre ç,, di- 
vide each quadrant into six equal parts ; and draw, the 
radii el, c2, c3, and so on as seen in the figure. Tl^ese 
mdii will show the hours by means of a style pierpeodic^ 
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Jar to the plane of the dial, which must be placed in the 
I^ne of the equator ; that is, in such a manner as to form 
with' the horizon an angle equal to the complement of the 
latitude. The line ad must coincide with the plane of 
the meridian, and the point a must be directed towards 
tbe south. 

Remabks.-^I. When this equinoctial dial is erected, 
if the hour-lines look towards the heavens, it is called a 
mperior dial, but if they are turned towards the earth, an 

II. A superior equinoctial dial shows the hours of the 
day only in the spring and summer ; and an inferior one 
only during the autumn and winter ; but at the equinoxes, 
when the sun is in the equator, or very near it, equinoctial 
dials are of no use, as at those periods they are never il- 
luminated by the sun. 

III. It is well known that at London the elevation of 
the plane of the equator is 38° 29^, which is the comple- 
ment of the elevation of the pole: the angle therefore 
which the plane of an equinoctial dial at London should 
form with the horizon, ought to be SS"" 2Qf. 

IV. It hence appears that it is easy to construct a uni- 
versal equinoctial dial, which may be adjusted to any ele- 
▼atiod'of the pole whatever. For this purpose, join toge- 
ther two pieces of ivory, or copper, or any other matter, 
ÂBCD and CDBF, (pi. 2, fig. 4), by means of a hinge at 
CD : then describe on thé two surfaces of the piece abcd, 
two equinoctial dials ; and in the centre i, place a style 
extending both ways in a direction perpendicular to abcd. 
At G, in the middle of the piece cdbf, fix a magnetic 
needle, covered with a plate of glass, and towards the edge 
of the same piece apply a quadrant h l divided into de- 
^ees, and passing through an aperture h , made to receive 
a in the upper piece abcd. The degrees and minutes 
muiiftt begin to be counted from the point l. 

' Wtien this dial is to be used, place the needle in the 

ô2 
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meridian, making a proper allowance for the declination ; 
and cause the two pieces abcd and cdef to form an 
angle bcf, equal to the elevation of the equator at thé 
given place; that is, equal to the complement of the lati- 
tude. If care be then taken to turn the quadrant towards 
the south, either of these equinoctial dials will i^w the 
hours at that place, except on the day of the equinox* 

PEOBLEM V. 

To find the divisions of the hour-lines on a horizontal dial^ 
with only two extents of the compasses. 

Draw the meridian sm, (pL 2, fig. 5), and from the point 
C, assumed towards the middle, as a centre, describe the 
circle stop witli the radius c£, the first opening of the 
compasses; then from o as a centre, with a radius equal 
to the diameter oe of the first circle, describe the circle 
EAMB ; and from the point s as a centre, with the same 
radius, the circle aobs: these two circles will cut each 
other in a and b, which will be the centres of two other 
equal circles, xief and zleg. Through the points of 
intersection f and g, draw the lines eg and ef; and 
through the points a and b the straight line xacbz. 
This line, which will be the equinoctial, will be cut both 
by the above circles, and by the lines eg and ef, and 
the centre c of the first circle, in 1 1 points, which will be 
those of the hours : they must therefore be marked with 
the numbers 7, 8, 9, 10, 11, la, 1, 2, 3, 4, 5. 

The next thing is to find the centre of the dial, of which 
the above points are the horary divisions; this is to be 
done in the following manner : 

In the circle etop assume, towards t or p, an arc ek 
equal to the complement of the latitude or elevation of the 
pole, that is, equal to 88° 29' if the latitude be 51^ 31^ and 
draw CK : if kv be then drawn perpendicular to ce» it 
will cut the meridian in v, which will be the centre of ^ 
dial ; so that by drawing, from the point v, the lioes v 7| 
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V 8, V 9y &c, we shall have the hour-lines from 7 in the 
morning till 5 in the afternoon. If a line be drawn through 
the point v parallel to the equinoctial, it will be the line 
of 6 o'clock. The hour-lines of 7 and 8 in the morning, 
continued beyond the centre x, will give those of 7 and 8 
in the evening; and those of 4 and 5 in the evening, if 
continued in the same manner, will give 4 and 5 in the 
morning. In the last place, if from the point v, or any 
other taken at pleasure, two circles be described, they will 
serve to terminate the hour-lines, and to contain the num- 
bers belonging to the diflerent hours. 

PROBLEM VI. 

To construct the same Did with one Opening of the 

Compasses, 

Through the point c (pK 3, fig. 6) draw two lines sm, 
7 5, perpendicular to each other ; and, from the same point 
as a centre, describe the circle etop, with any opening of 
the compasses whatever: then, keeping the opening the 
same, place one point of the compasses in o and the other 
in Q, from q turn to the point 4, and making two turns 
from 4 to 5, proceed back from 5 to 11 by four turns. 

Then, placing the compasses on o and n, turn from n 
to 8, and making two turns from 8 to 7, proceed from 7 
to 1 by four turns. If the lines en and eq be then drawn, 
which will give, on the line 7 5, the hours of 2 and 10, the 
dial will be constructed. The centre of it may be found 
by die operadon described in the preceding problem. 

PROBLEM VII. 

Construction of the most important of the other Regular 

Diab. 

Regular dials are those which have the hour-lines, form« 
ing equal angles on each side of the meridian : these dials 
therefore are, the equinoctial, the horizontal, the north 
and south yerdcal, and the polar. Having already spoken 
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of the equinoctial and horizontal^ we shall now proceed to 
the north and south vertical dials. 

Of the South Vertical Dial. 

If the vertical dial be turned directly towards the south; 
then make the angle eck or the arc ek (pi. 2, fig. 5) equal 
to the height of the pole ; if ckv be then made a right 
angle, the point v will be the centre of the dial ; and the 
angle cvk, which will then be equal to the complement of 
the latitude or of the elevation of the pole, will denote the 
angle which the style, in the plane of the meridian, ought 
to form with the plane of the dial. 

Of the North Vertical Dial. 

If the vertical dial be north ; make, as before, the angle 
ock (pi. 2, fig. 5) equal to the height of the pole, and the 
angle cArit a right angle: the point h will be the centre of 
the dial ; and the angle chA: will be that which the style 
forms with the meridian. The style, instead of being in- 
clined downwards, must be turned in a contrary direction, 
as may be readily conceived when we consider the position 
of the pole in regard to a vertical plane turned directly 
towards the north» 

Of Polar Dials. 

To make a polar dial, draw, as before directed, the meri^ 
dian xii xii, (pi. 4, fig. 8), and xz perpendicular to it« 
From the point m, in this line, make on each side the same 
construction as that taught at prob. v ; if parallel lines be 
then drawn through the points of division, they will be th& 
hour-lines. For it may be easily seen that, as the pole » 
in the continuation of this plane, they cannot meet but at 
an infinite distance, or that the centre of the dial is at an 
infinite distance ; whence it follows that the lines must be 
parallel. 

The style must be placed in a perpendicular direction in 
the point m; and in height must be equal to the distance 
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ketween 12 and 3$ or if an iron spike be placed at that 
distance from the meridian xii xxi, and parallel to that 
Hoe, it will show the hoar by its whole length. 

PROBLEM VIII. 

*; • * 

Of Ftrttcd East and West Dids. 

: Next to the dials already described, the simplest are 
those which directly front the east or the west. The 
inethod of constructing them is as follows: 
< Draw the horizontal Une hr, (pi. 3, fig. 7, n^ 1)^ and 
assume in it any point p, for the bottom of the style, the 
upper extremity of which is intended to show the hours. 
At the point p, make, towards the left for an east dial, and 
towards the right for a west one, the angle hpe, equal to 
IJiè complement of the latitude, or the elevation of the 
pole above the horizon; and continue ep to n. The line 
XK will be the equinoctial. Then through the point p 
draw the line ca, in such a manner as to form with the 
line HR the angle aph, equal to the elevation of the pole; 
then AC, which will intersect the equinoctial en at right 
angles, ii^ill be the hour-line of vi in the morning, and also 
the substylar line. 

. Wheil these lines have been traced out, the hour-lines 
may be drawn in the following manner. In the substylar 
line AC, assume a point a, at any distance from the point 
1^, according to the intended size of the dial; and from a, 
as a centre, describe a semicircle of any radius at pleasure. 
Divide this semicircle into 12 equal parts, beginning at 
the point p,* and then from the centre a draw dotted lines 
through each of the points of division in the semicircle, 
till they meet the equinoctial en: if lines parallel to the 
sabstylar line be then drawn through the points where 
these dotted lines cut the equinoctial, they will be the 
hour-lines required, the substylar line being that of vi in 
aie morning* The parallels above the substylar line, in 
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the east dial^ will .correspond to iv aod v in the morni&g i 
those below it to vii, viii^ &c, in the afternoon» 

The style^ the figure of which b seen ia the plate, it 
placed parallel to the line of vi^ on two supports raised 
perpendicular to the plane of the dial^ and at a distance 
above it equal to that of vi hours from m or from ix. It 
is here evident that a west is exactly the same as an east 
dial; only in a coptrary situation (see pi. 4, fig. 7, n^« 2)'; 
but instead of marking on it the morning hours, as iv, w^ 
y h ^^f ypu must inscribie on it those of the afternoon, as 
I, II, ili^^iv, &c. If an east dial be traced out on a piece 
of oiled paper, and if the paper be then inverted, but m^ 
turned upside down, on holding it between you and tht 
ligh^ ypu ^ill ^^ ^ west dial. 

It ipay be easily seen that these dials cannot show die 
hour of noon: for the sun does not begin to illuminate the 
latter till that hour, and the former ceases to be illuminatwi; 
at the same. period. 

PROBLEM IX. 

To describe a horizontal, or a vertical south dial, without 
having occasion to find the horary points on ihe equinoctial. 

Let the line ab, pi. 5, fig.^> be the meridian of the dial, 
which we suppose a horizontal one; and let'c be its centre: 
make the angle hcb equal to the elevation of the pole, in 
order to find the position of the style ; and from the point 
B, assumed at pleasure, but in such a manner that cb shall 
be of a proper length, draw bf perpendicular to ch* tf 
we conceive the triangle bfc raised vertically above the 
plane of the dial, it will represent the style. 

From the point c, with the radius cb, describe a circk.^ 
b^ak; and from the same centre, with the radius m^. 
describe another circle mqnf,^ 

Divide the whole circumference of th^ first circle itito Hé 
equal parts, bo, oo, oo, &c, and then divide the second 
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ihto Ae same nmnber of equal parts, nr^ rr, &c : 
firofid the points of division 0| of the great circle, draw 
Unes perpendicular to the meridian ; and from the corre- 
i|K>iNliiig points R of the less circle, draw lines parallel to 
that meridian. These parallels and perpendiculars will 
BMset in certain points, which will serve to determine the 
hour-lines. For example, the lines o 3, r 3, which proceed 
from the third of the corresponding points of division, will 
meet in the point 3 ; through which if c 3 be drawn, it will 
be the position of the line of S o'clock; and so of the rest. 

It i$ evident that the larger the circles, the more distinct 
will be the intersections, formed by the lines drawn through 
the points of division o and r. 

It is remarkable that all these points of intersection are 
found in the circumference of an ellipse, the greater axis 
of which is equal to twice CB ; and the less vq to twice 
ON, or twice bf. 

The reason of this construction will be easily discovered 
hf geometricians, % 

PROBLEM X. 

Tq trace out a dud on any plane whatever^ either vertical or 
mclinedy declining or not, on any surface whatever, and 
even XÊrithmt the sun shining. 

This problem, as may be seen, comprehends the whole 
ef Gnomonics} and the operation may be practised by any 
person who knows how to find the meridian, and to con* 
struct an equinoctial dial. The solution of it is as follows. 

Having made the necessary preparation, pi. 5 fig. 10, 
trace out a meridian line on a table, according to the method 
taught in the first problem ; and, by means of this meridian, 
place an equinoctial dial in such a situation, that the plane 
of it shall be raised at the proper angle ; that is, at an 
afigle equal to the elevation of the equator, or complement 
of the latitude, and that its south line shall coincide with 
the above meridian. Jkdjust along the axis a piece of 



2té biallikg; 

packthread, which being stretched shall meet the |>laiie on 
which the dial is to be described : the point where it tneeû» 
this plane is that where the style or axis ought to be 
placed, so as to form one straight line with the packthread 
and the style of the equinoctial dial. 

When this is done, and when the axis of the dial has* 
been fixed^ hold a candle or taper before the equinoctial 
dial, in such a manner, that the style shall show noon; thé 
shadow projected, at the same time, by the packthread^ 
or the axis of the dial about to be constructed, will be the 
south line* You must therefore assume a point which, 
together with the centre, will determine that line. If yoii 
then change the position of the taper, so that the equi^ 
noctial dial shall show one o^clock, the shadow projected 
by the packthread, or the axis of the proposed dial, will 
be the hour-line of 1 ; and so of the rest. 

Remarks. — ^I. If the plane, on which the dial id to be 
described, be situated iu such a manner that it cannot be 
met by the axis continued, according to the preceding 
method, two supporters must be affixed to the plane, for 
the purpose of receiving a rod of iron, so as to make one 
line with the packthread; and the operation may then be 
performed as above described. * 

n. Instead of an equinoctial dial, a horizontal one may 
be employed; provided it be placed in such a manner, 
that the south line corresponds with the meridian wKicb 
has been traced out. ^ 

III. This operation may be performed in the day-timpe 
when the sun shines. In this case you must employ a 
mirror, the reflection of which will produce the same effisd 
as the taper or candle. 

PROBLEM XI. 

To describe a horizontal dial in a parterre, by means of 

plants. 

A horizontal dial might be described by the usuai' 
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methods in a parterre, the hour-lines being formed of box, 
8cc; and a very straight tree terminating in a point, such 
as the cypress or sycamore, planted on the meridian line 
being employed as a style. 

Instead of a tree, a person might act the part of a style^ 
by standing in a very erect position, in a place marked 
out on the meridian, proportioned to his height; because 
according to this height the place must vary. For a short 
person, it will be near the centre of the dial ; aiid for a tali 
one, at a greater distance from it. A figure placed 6n à 
pedestal might serve at the same time as a style, and 

as an ornament to the parterre. 

» • • • 

PROBLEM XII* 

Ih describe a vertical dial on apane of glass ^ whichwillshow 
the hours without a style ^ by means of the solar rays. 

Ozanam relates that he once constructed a vertical 
declining dial on a pane 6f glass in a window, which had 
lio style ; and by which the hours could be known wheti 
the sun shone. 

I detached, says he, from the window frame on the out- 
nde a pane of glass, and described on it a vertical dial, 
according to the declination of the window and the height 
of the pole above the horizon ; taking as the height of the 
style the thickness of the window frame. I then fixed the 
pane of glass against the frame in the inside ; having given 
to the meridian line a situation perpendicular to the hori- 
zon, as it ought to have in vertical dials. I then cemented - 
to the window frame on the outside, opposite to thé dial, 
a piece' of strong paper, not oiled, in order that the sur- 
face of the dial might be more obscure. And that I might 
be able to know the hours without the shadow of a style, 
I made a small hole in the paper with a pin, opposite to 
the bottom of the style,'which I had marked out. As this 
hole represented the extremity of the style, the rays of 
the sun passing through it formed on the glass a luminous 
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point ; which, while the rest of the dial was obscuret iudi» 
oated the hours in an agreeable manner, 

PROBLEM XIII. 

To describe three^ and even four dials , on as many different 
planes, on which the hours may be known by the shadow of 
only one axis. 

Provide two rectangular planes, abcd and cbef, (pi. 6^ 
fig. 1 1 and 12), equal in size, and join them together by 
the line cb \ so as to form with each other a right angle, 
the one being horizontal, and the other vertical. 

Then divide their common breadth bc into two equal 
parts in I ; and draw the perpendiculars ig, ih, as the 
meridians of the two plaaes. Assume the point g at plea- 
sure, as the centre of the horizontal dial, and if gi be 
made the base of a right-angled triangle gih, in vrhich the 
angle o is equal to the height of the pole, the point b will 
be the centre of a south vertical dial for that latitude. 
Describe these two dials, viz, a horizontal and a south 
vertical one, which will have the same points of division 
in their common section bc ; and extend a piece of iron 
wire, as an axis, from the point h to the point g ; thb 
wire will be the common axis and style of the two dials. 

Lastly, having with any radius at pleasure described a 
circle, trace out on it an equinoctial dial, which must be 
placed on the axis gh, in such a manner that it shall pass 
through its centre, and be perpendicular to its plane, and 
that the line of 12 o'clock shall be in the plane of the 
triangle gih. 

If this triple dial be exposed to the sun, so that the line 
gi shall be horizontal and in the plane of the meridian, it 
is evident that the shadow of the axis g h will show the 
hour on the three dials at the same time. 

If it be required to have a fourth dial, to show the hour 
by means of the same style ; in the plane of the triangle 
GIH draw a line parallel to gh» and through that line a 
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plane perpendicular to the plane of the meridian, which 
will cut the vertical plane in the line kl, and the horizontal 
plane in mn : the hour*lines of both dials will be cut by 
these two lines in points, every two corresponding ones of 
which must be joined by transversal lines; for example, 
the point of section of 11 hours on the one, with the point 
of section of 1 1 hours on the other, which will give on that 
plane parallel hour-lines, such as ought to be on a polar 
dial that has no declinatioh : these four dials will show 
the hour at the same time, and by means of the same style 
or axis oh. 

'Another method. 

Provide a cube abced, (pi. 6, fig. 13), and having 
divided the sides ab, ce, and ^d, into two equal parts, in 
the points h, g, and i, draw the lines gh and oi ; theA 
assuming these lines as the meridians of the horizontal 
plane cd, and of the vertical one ca, and the point o as 
the centre, describe on the former a horizontal dial, and 
on the latter a vertical dial, each adapted to the latitude of 
the place. Assume the lines em and en, in such a manner, 
that the angle enm shall be equal to the latitude of the 
place; make co and cp equal to them; and let a plane 
pass through mn and op, so as to cut off that angle of the 
cube: this plane will intersect the hour-lines of the two 
dials already traced out in certain points, the correspond* 
ing ones of which will give the hour-lines of a third dial. 

Nothing then remains but to fix the style; which will 
not be attended with any difficulty. For this purpose, 
having drawn eq perpendicular to mn, fix in a perpen- 
dicular position on the meridian kl, and in its plane, two 
supporters equal in height to eq, bearing the style as, 
prolonged towards each end, and parallel to kl: the 
shadow of this style will show the hours on the three dials 
at tibe same time. 
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PROBLEM XIV. 

In any latitude j to find the meridian hy one observatim qf 
the sun^ and at any hour of the day. 

Provide an exact cube, each side of which is about 8 
inches; and describe on the upper face a horizontal dial, 
adapted to the latitude of the place. On the vertical face, 
which stands at .right angles to the meridian of this dial, 
describe a vertical one; on the adjacent face to the left ah 
east dial, and on the opposite one a west dial, each of 
which must be furnished with the proper style. 

When you are desirous of finding the meridian oni a 
horizontal plane, place this quadruple dial on it, so that 
the vertical one shall nearly face the south ; and gradually 
turn it till three of these dials all show the same hour : 
when this takes place, you may be assured that the three 
dials are in their proper position. If a line be then drawn 
with a pencil, or other instrument, along one of the lateral 
sides of the cube, it will be in the true direction of the 
meridian. 

It is indeed evident that these three dials cannot show 
the same hour unless they are all placed in a proper 
position in regard to the meridian; their concurrence 
therefore will show that they are properly placed; and 
that their common meridian is the meridian of the place^ 

PROBLEM XV. 

To cut a stone into severalfaces, on which all the regular dials 

can be described. 

Let the square ABcn (pi. 7, fig. 14), be the plane of the 
stone, which is to be prepared so as to receive all the 
regular dials. If we suppose the stone to represent an 
imperfect cube, or any other irregular solid, after all its 
faces have been smoothed, it must be squared, and reduced 
to an uniform thickness. When this is done, proceed as 
follows: On the plane abcd describe the circle helFi 
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with. as large a radhis as the stone will admit; and draw 
at right angles the two diameters fb and hl. Then make 
the angle f6i equal to 88^ degrees, which is the comple- 
ment of the latitude of London nearly, and draw the 
diameter iom ; make the angle eog equal to the latitude 
51} degrees, and draw the diameter gok; then through 
the points i, g, m, k, draw tangents to the circle helf, 
which will meet the other tangents passing through the 
points H, £, L, F, and form part of the sides of the square 
ABCD, that represents the plane of the stone. Cut the 
stone square, according to these tangents, in order Jo 
obtain planes or faces perpendicular to the plane of .^le. 
stone ABCD, and the stone will then be prepared for re-, 
ceiving on all its faces the dials which belong to them. 

Qn the face or plane which passes through the line vx, 
describe a horizontal dial; on that passing through xn, 
an upper equinoctial dial, and on the opposite plane, pass- 
ing through SB, an inferior equinoctial dial. An upper 
polar dial must be described on the plane passing through 
TV, and an inferior one on the plane passing through qp. 
On the plane passing through ts make a south vertical 
dial, and on the opposite plane np a north vertical one : 
Lastly, if an east vertical dial be described on the side of 
the stone im, and on the opposite side a west vertical one', 
the whole will be complete. 

If it be required to have the stone hollow, or rather cut 
through, nothing will be necessary but tO; draw linei» 
parallel to these tangents, and to cut the stone square ac- 
cording to these lines, which will give, in the inside of the 
stone, surfaces parallel to those on the outside. On these 
internal surfaces, dials similar to those on the opposite 
cisternal surfaces may then be described. 

It is here to be observed, that when the stone is thus 
made hollow, neither an east nor a west dial can be described 
on, it; but if it be placed on a pedestal in the form of a 
/^^ar. Qctagpn» havipg ot\e, of its^fac^. turned directly 
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towards the south, different kinds of vertical dials may be 
described on this pedestal, vis, a south, a north, an east, 
and a west dial, together with four vertical declniing dials p 
so that on this stone and its pedestal there may be 2K> or 
2S dials. 

If the south vertical dial be placed directly south, and if 
the horizontal ode be perfectly level, all these dials together 
will show the same hour. '- 

PBOBi;BM xvii. 

To eonstruet a êùU on the convex surface of a globe. 

This dial, which is the simplest and most natural of aU, 
is ft>Fmed by dividing the equatorial circle into dé parts. 
If a globe be placed on a pedestal, in such a manner that 
its axis shall be in the plane of the meridian, and exactly 
elevated according to the height of the pole of the place, 
nothing then will be necessary to complete the dial, but to 
divide its equator into 24 equal parts. 

The globe, pi. 7, %. 15, in this state, may be used 
without any farther apparatus; for one half of it being 
enlightened by the sun, the boundary of the illumination 
will exactly follow on the equator, the motion of the sun 
from east to west. At noon, it will fall on those points of 
the equator turned directly to the east and west. At one 
o'clock, it will have advanced 15°; and so on. To render 
this globe then fit for being employed as a dial ; vi must 
be inscribed at the division which corresponds with the 
lâeridian ; vii at the following one, and so of the rest ; so 
that the 12th will be exactly in the point turned towards 
the- west; then i, ii, iii, &c, will be under the horizon. 
Nothing then will be necessary, but to observe what di- 
vision corresponds with the boundary of the light atld 
shadow ; for the number belonging to that division will' 
be the hour. 

This dial however it attended with a very great incon- 
venience: aa the boundary between the light and shadow 
is always badly d^ned^ it cannot be precisely known wllere 
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it terminates ; it will therefore be better to employ this dial 
in the followiug manner. 

Adapt to thb globe a half meridian, made of a piece of 
flat wire, 7 or 8 lines in breadth, and half a line in thick- 
oeis, and moveable at pleasure around its axis, which must 
be the same as that of the globe. Then, when you wish 
to know the hour, move the half meridian in suéh a manner, 
that it shall project the least shadow possible, and this 
shadow will show the hour on the equator. In this case 
however it is evident that the numbers naturally belonging 
to die points of division in the meridian» should be in«» 
scribed on them; that is, xii at the meridian, i at the 
following division, towards the west, and so on. 

PROBLEM XVII. 

Another kind of Holy in an armUlafy sphere. 

This dial is equally simple as the preceding, and is at- 
tendjsd with this advantage, that it may serve by way of 
ornament in a garden. 

Conceive an armillary sphere, pi. 7, fig. 16, consisting 
only of its two colures, its equator, and zodiac, and fur- 
nished with an axis passing through it. If we suppose 
this sphere to be placed on a pedestal, in such a manner 
that one of its colures shall supply the place of a meridian, 
Mud that its axis shall be directed towards the pole of the 
place, it is evident that the shadow of this axis, by its uni- 
form motion, will show the hours on the equator. If the 
equator therefore be divided into 24 equal parts, and if the 
numbers belonging to the hours be inscribedlsit these di- 
visioiis, the dial will be constructed. 

Bat as the equi^tor, in general, is not of sufficient thick- 
ness, the hours must be marked on the inside of the zone 
which represents .the zodiac, and which on that account 
should be painted white. But in this case, care must be 
taken not to divide each quarter of the zodiac into equal 
pnrts ; for the shadow of the axis, which passes over equal 

you III* K 
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latitude of the place in which it is to be used. Thus, for 
example, if it has been constructed for the latitude of Paris, 
which is 49* SOt^ and you wish to employ it at London, in 
latitude 51* 31' ; as the difference of these two places is 1^ 
41% the plane of the dial must make with the horizon an 
angle of 1* 41', as seen in the figure, pi. 8 fig. 17^ where 
IN is the meridian, abcd the plane of the dial, and abb, 
or ahe^ the angle of the inclination of that plane to the 
horizon. If the latitude of the primitive place of the dial 
be less than that of the place for which it is used, it most 
be inclined in a contrary direction. ^ 

' Sd. When the second method of rendering a horizontal 
dial universal is employed, the hour-lines must not bede-r 
scribed on it, but only the points of division in the equinoc- 
tial line, as taught in the 5th problem. In regard to the» 
style, it must be moveable in the following manner» Let 
ABC, pi. 8 fig. 18, represent the triangle in the plane of the 
meridian, where nbc is the axis or oblique style, and ab 
the radius of the equator. The style must be moveable^ 
though it always remain in the plane of the meridian, so 
that the radius ab of the equator, having a joint in the 
point a, may form the angle bag equal to a given angle; 
that is, equal to the complement of the latitude. For this 
reason a groove must be formed in the meridian, so as to 
admit this triangle to be raised up or lowered, always re- 
maining in the plane of the meridian. 

When every thing has been thus arranged, to adapt the 
dial to any given latitude, such as that of 51^ 31% for ex- 
ample, take the complement of 51^ 3l', which is 38* 29', 
and make the angle bag =38^ 29'. The^tyle then willbè 
in the proper position, and the dial being exposed to the 
sun, with its meridiam corresponding to the meridian of the 
place, the shadow of the style, which ought to be pretty 
long, will show the hour at the place where it intersects 
the equmoctial. 
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PROBLEM XX. 

Tieihodrf constructing same tables necessary in thefoUowmg 

problems. 

There are three tables frequently employed in Gno- 
monics, and which we shall have occasion to make use of 
hereafter. These are, 

Ist. A table of the angles which the hour-lines form with 
the meridian on an horixontal dial, according to the dif« 
fbrent latitudes. 

2d. A table of the angles which the azimuth circles, 
passing through the sun at different hours of the day, form 
with the meridian, according to the different latitudes, and 
the sun's j/lace in the ecliptic. 

3d. A table of the sun's altitude at different hours, on a 
giren day, and in a place of a given latitude. 

From the latter is deduced the sun's zenith distance, at 
diSerent hours of the day in a given place, and on a given 
day for the sun's zenith distance is always the complement 
<tf his altitude. 

The first of these tables may be easily calculated by 
means of the following proportion : 
As radius. 

Is to the sine of the latitude of the given place. 
So is the tangent of the angle which measures the sun's 

distance from the meridian, at a given hour. 
To the tangent of the angle which the hour-line forms 

with the meridian. 

By means of this analogy, we have calculated the fol- 
lowing table, which we conceive will be sufficient ; as it 
comprdiends the whole extent of Great Britain ; and par« 
tienlarly the latitude of London. 
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A TABLE 

Of the angle» which the hour-lines form with the meridisn 
on a horizontal dial j for every half degree of latiiude^from 
60* to 59*» 30'* 



Latitude* 


A« M* 


A* In* 


A. M. 


A. M. 


A. M. 


A. K. 


I. XI 


II. X 


III. IX 


IV, VIII 


V. VII 


VI. Vl. 


o / 


O / 


• / 


' 


* 


_o * 


« * 


50 


11 38 


23 51 


37 27 


53 


70 43 


900 


50 30 


11 41 


24 1 


37 40 


53 11 


70 51 


90 


51 


11 46 


24 10 


37 51 


53 24 


70 58 


9ÔO 


51 31 


11 51 


24 19 


38 4 


53 36 


71 6 


90 


52 


11 55 


24 27 


38 14 


53 46 


71 13 


90 


52 30 


12 


24 36 


38 25 


53 5^ 


71 20 


90 6 


53 


12 5 


24 45 


38 37 


54 8 


71 27 


90 


53 30 


12 9 


94 54 


38 48 


54 19 


71 34 


900 


«... 


12 14 


25 2 


38 58 


54 29 


71 40 


900 


54 30 


12 18 


25 10 


39 8 


54 39 


71 47 


90 


55 * ^ 


12 23 


25 19 


39 19 


54 49 


71 53 


900 


55 30 


12 28 


25 27 


39 29 


54 5g 


71 59 


900 


56 


12 32 


25 35 


39 40 


55 8 


7% à 


900 


56 30 


12 36 


25 43 


39 50 


55 18 


72 12 


900 


57 


12 40 


25 51 


39 5Q 


55 27 


72 17 


90 


57 30 


12 44 


25 58 


40 9 


55 37 


72 22 


90 


58 


1^ 48 


26 5 


40 18 


55 45 


7227 


900 


58 30 


12 52 


26 13 


40 27 


55 54 


72 33 


90 


59 


12 56 


26 20 


40 36 


66 2 


72 39 


90 


5g 30 


IS 


26 27 


40 45 


56* 10 


72 44 


900 



We have not marked, in this table, the angles formed 
by the lines v hours in the morning and vii hours in the 
evening, iv hours in the morning and viii in the evening, 
because these lines are only a continuation of others ; fbt 
example, that of iv hours in the morning,, is the continiit^ 
tion of IV in the evening ; that of viii hours in the even- 
ing, is the continuation of viii in the morning ; and so of 
the rest. 

The use of this table may be easily comprehended. If 
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Ûie pladé for whiéh a horizontal dial is required^ corre* 
sponds with any latitude of the table, such as 52 for ex- 
mnlple, it may be seen at ofie view, that the hour-lines of 
xi and I must form, with the meridian, an angle of 1 1* 
Slf^ at the centre of the dial ; that of x and ii an angle of 
M"" 87"; and so of the rest. 

If the latitude be not contained in the table, the piro- 
portional parts may be taken without any sensible error. 
Thlis^ if it were required to find the angle which the hour- 
lilie of I or XI forms with the meridian, on a dial for the 
latitude of 54^ 15'; as the difference of the horary angles, 
for M^ and 54'' 30', is 4', take the half of 4, and add it to 
W*' 14', which will give 12* l& for the horary angle be- 
tween the hours of i or xi and the meridian, on a dial for 
tke latitude of 54^ 15^ The same operation may be em- 
l^oyed for the other horary angles. 

i It is necessary to observe that this table, though con* 
stmcted for horizontal dials, may be used also for vertical 
iouth or north dials : for it is evident that a south vertical 
dial, for any pacjiicular place, is the same as a horizontal 
dtial'for another, the latitude of which is the complement 
of the former. Thus a south vertical dial for the latitude 
of liondon Si"* 31', is the same as a horizontal dial for the 
latitude of 38° 29', and vice versa. 

It is in the construction of these vertical dials that the 
utility of such tables will be most apparent ; for~as these 
dials are in general very large, the common rules of Guo- 
monics cannot easily be applied to them. To remedy this 
inconvenience, when the centre and equinoctial of the dial 
faave been fixed, assume, as radius, that part of the meri- 
dian comprehended between the equinoctial and the centre, 
and divide it into 1000 parts ; then find in some table, or 
by calculation as above shown, for the given latitude, that 
is, for its complement if a vertical dial is to be constructed, 
the- tangents of the angles which the hour-lines form with 
the meridian, at i, ii, iii, iv, &c, and lay them off on both 
sides on the equinoctial : the points where they terminate 
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will be the horary points of i and xi hoarSf ii aod.x 
bour% &e. 

Let us suppose, for example, that a south vertical dial 
is to be constructed for the latitude of 61^ 9l\ the cont^ 
plement of which is 38* 29'. Â vertical south dial for ]at» 
51^ 3l', may be considered as a horizontal dial for the lati- 
tude of SS"" 29'. But the angles which the hour4inea form 
with the meridian on a horizontal dial, for that latitudd^ 
are 9° 28'; 19^46'; 31** 53'; 47** 9'; €t6** 43'; 90* 0% tlw 
tangents of which, radius being divided into 1000 parts, 
are 166, 359, 622, 1078, 2321, incite. If the portion of 
the meridian therefore, ;eomprehended between the centre 
and the equinoctial, be divided into 1000 parts, and if 1(56 
of these parts be set off on each side of the meridian, we 
shall have the points of xi and i hours ; if S59 parts be 
then laid off in the same manner, we shall have the points 
of X and ii hours ; and so of the rest. Straight lines drawn 
from the centre, to each of these points, will be the hour»' 
lines» 

The last tangent, which corresponds to vi hours, beiag- 
infinite, indicates that the hour-line corresponding to it 
miist be parallel to the equinoctial. 

In order to give an idea of the construction of the second 
table, let the circle mbnd, pL 9 fig, 19, represent the 
horizon of the place; z its zenith, p the pole, zb the 
azimuth circle passing through the sun, and ps a the horary 
circle in which the sun is at any proposed timeof ihe day ; 
it is here evident, that if the hour be given, the angle zps 
is known ; that the day of the year being given, the sun's 
dbtance from the equator is known, and consequently the 
arc P8, which in our hemisphere, is the 4th part of a great 
circle minus the sun's declination, if it be north, or plm 
that declination if it be south ; and lastly, that if the eleva- 
tion of the pole be given, the arc pz, which is its comple- 
ment, is also known. In the spherical triangle zps, we 
have therefore given the arcs zp and ps, with the included 
angle zps ; and hence we may find the angle pzs, whiefa 
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subtracted from 180 degrees, will leave the angle mzb or 
KCB, the sun's azimuth from the south. 

In the same triangle, we can find the side zs, the com- 
plement of the sun^s altitude at the same time ; and con* 
saquently the altitude itself. 

By these means the following tables have been con- 
structed, for the latitude of London 51^ Si\ Those who 
are tolerably versed in spherical trigonometry may easily 
construct similar tables for any other latitude. 

A Table of the Sun*s azimuth from the Souths at his €/t- 
trance into each of the twelve signs ^ ajid at each hour of 
the dm/ ^ for the latitude of London 51^ 3]'. 



Hours. 


Sp 


nSl 


»nK 


/ 




00m A 


• / 




/- 


é 


« / 


XI. I 


28 2 


26 9 


22 18 


19 J3 


16 19 


14 46 


14 9 


X. II 


50 50 


48 7 


42 9 


36 25 


31 49 


28 53 


27 49 


nt. Ill 


68 11 


65 22 


58 4S 


51 51 


46 3 


42 7 


40 39 


VIII. IV 


82 2 


79 27 


72 bb 


t)5 41 


59 


54 24 
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A Table of the Sun's altitude at his entrance into each of 
the twelve signs, and at each hour of the day, for the lor 
tUude of London ôl'^sr. 
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PROBLEM XXU . ,, 



Anotfier method ofconsiructmg a universal horizonlal Api- 

dial. 

In one of the two preceding constructions, the equinoc-^ 
tial line was divided in such a manner, as to be calculated 
for showing the hours in every latitude, by removing to a 
greater or less distance the centre of the dial : but in die' 
present case, we suppose this centre to be fixed, and that 
the inclination of the style, which ought always to be di- 
rected to the pole, can be varied in that point. The me- 
thod of constructing a sun-dial of this kind is as follows. 

Through the point c, assumed as the centre of the dial, 
pi. 9 iig. 20, draw the two perpendiculars ab and ef ; the 
first of which being made to represent the line of d hours, 
the other will represent the meridian ; from t^e point b, 
^assumed at pleasure, set o^, on the meridian, as many 
equal parts as you choose ; for example 6, and through 
the points of division describe 7 concentric circles, wh^ 
will represent the circles of latitude for every 5 degrees, 
from 30° to 70*, in order that the dial may answer for the 
greater part of Europe. This division at every 5 degrees, 
will be sufficient ; because the intermediate points maybe 
easily distinguished by the eye. We shall suppose then 
that the smallest circle passing through the point d^ repre* 
sents that of the latitude of 60®. Set off on that circle, 
counting from each side of the meridian^^ the angles form- 
ed by the hour-lines of i and xi hours, ii and x hours, 8cc, 
on a horizontal dial corresponding to the latitude of 60^. 

Perform the same operation on the next circle, which 
corresponds to the latitude of ôS"* ; and thus in succesijion 
for all the rest. Then join the similar points of diviiton 
by a curved line, and the dial will be constructed. ! * 

Having placed the dial properly, that is in such a man- 
ner, that its meridian may coincide Avith the meridian of 
the place, and that its axis be directed to the north, tàe» 
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v^te the style at an angle equal to the latitude^ and then 
examine where the shadow of the style falls on the circle 
corresponding to that latitude : the point where it falls will 
indicate the hour. 

RsMARK.«— That these portable dials may be easily 
placed in the proper position, a small compass is generally 
adapted to them ; but those who think it sufficient to make 
the needle coincide with the meridian of the dial, will bé 
deceived ; for there is scarcely a place on the earth where! 
the needle does not decline more or less towards the East 
OF West. At London for example it declines at present 
abont 24 degrees and a quarter to the west side. 

To place a dial, therefore, of this kind in its proper^ 
situation at London, it must be disposed in such a manner, 
that the needle of the small compass shall form with the 
meridian an. angle of 24} degrees nearly, and be on the 
^est side of it ; the meridian of the dial will then, coincide 
with that of London. This example will be sufficient ta 
abow what method must be pursued in other places, where 
tbe declination is greater or less, or in a contrary direc 
tion ; that is, to the £ast, as it was at London about two 
csenturies aga. 

PROBLEM XXII. 

The. SMs attitude J the day of the months and the elevation 
jofthe poky being given ; to find the hour by a geometrical 
. construction. 

W^ give this construction merely as a geometrical 
curiosity ; for it is certain that the same thing can be per** 
fanned with much greater accuracy by calculation. How- 
ever, as the solution of this problem forms a very ingeni- 
ous, etxample of the graphic solution of one of the most 
complex cases of spherical trigonometry, we have no doubt 
that it will afford gratification to our readers; or at least 
to such- of them as are sufficiently versed in geometry to 
comprehend it. 
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Let us return then to fig. 19 pi. 9, in which fz repre 
sent» the complement of the latitude or elevation of the 
pole ; Z6 the complement of the sun's altitude, which is 
known, being given by the supposition ; and ps the sun's 
distance from the pole, which is also given, since the de- 
clination of the sun, or his distance from the equator each 
day, is known. In the triangle zfs therefore, there are 
given the three sides, to find the angle zps, the hour angle, 
or angle which the horary circle, passing through the stifi, 
fi^ms with the meridian. This case then is one of those 
in spherical trigonometry, where the three sides of an ob* 
lique triangle being given, it is required to find tlie angles ; 
and which may be solved geometrically in the foUowing 
manner. 

In the circumference of a circle, which must be suflfei^ 
ently large to give quarters of degrees^l. 9 fig. 19 mad 
21, assume an arc equal to pz, and draw the two radii ép 
and cz* On the one side of this arc make ps equal to thd 
arc ps^ and on the other zr equal to the arc zs : from the 
points R and s let fall, on the radii pg, cz^ two perpendi- 
culars sT and RV, which will intersect each other in some 
point x: then, if st be radius, we shall have rx for the 
cosine of the required angle, which may be constructed in 
the following manner : 

From the centre t, with the radius ts, or t^, which iz 
equal to it, describe a quadrant, comprehended between tp 
and Tx continued ; if xy be then drawn parallel to tp, the 
arc Ys will be the one required, or the measure of the hour 
angle spz ; therefore ytx will be equal to that angle. 

By a similar construction we might find the angle z, the 
complement of which is the sun's azimuth ; but this is suf- 
ficient in regard to an operation which is rather corious 
than useful. 

This construction is much simpler, and farmoreelegan^ 
than that given by Ozanam, for the solution of the 
problem. 
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PROBLEM XXIII. 

^7o construct a horizontal dial, to show the hours by means 
of a vertical imnuweahle style in the centre. 

la the construction of this dial, the table of the sun'n 
aumuths, given in prob. 20, must be employed. 

Along the bottom of the style, pi. 10 fig, 22, draw the 
meridian line ab, of any length at pleasure ; and from the 
centre c describe, through the extremity b, the arc of a 
circle» which must be assumed as the tropic of cancer 9. 
Haying then made cd equal to about a third of cb, divide 
the interval db into 6 equal parts ; and from the centre 
describe» through the points of division, circles concentric 
to tiie first : the smallest will represent the tropic of Ca- 
pricorn Yt ; the rest the parallels of the intermediate signa. 
• In the exterior circle, b^inning at the point b, assume 
the angles or arcs bi, b xi» equal to those given in the 
table for the hours of i and xi, when the sun is in 0, and 
mark these points with i and xi hours; do the same in 
regard to ii and x hours, and so of the rest. 

Take, firom the same table» the angles or arcs cor- 
responding to the hours xi and i, x and n, ix and iii, &c, 
when the sun enters gemini and leo, n n. Do the same 
thing on the third circle» which corresponds to the suii^a 
entrance into taurus and virgo, b V> and so of the rest. 
By these means» you will hav^ the hour points on each 
circle ; and if the points of the similar hours be then joined 
by a curved line, the dial will be completed. The hour 
may be known by observing the shadow on the circle 
wUcb denotes the sun's place in the zodiac on the given 
day.. For the greater exactness» the small intervals be* 
tween these circles may be divided into 8 equal parts ; 
through which if dotted circles be described» they will 
serve for those days when the sun occupies mean positions 
in tbei zodiac. 

RxMARK^—By diia method^ the edge of the shadow of 
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ODe of the upright bars of a window, might be employed 
to show the hours in a room ; for if the bar be exactly pcsr- 
pendicular, it will represent an indefinite vertical style; 
and circles corresponding to the sun's place in the zodiac, 
atid the hour-lines, may by the above process be tlraoed 
out on the floor. The hour will be known by observing, 
on the circle corresponding to the sun's place, the point 
where it* is intersect^ by the shadow. 

PROBLEM XXIV. 

To construct a moveable horizontal dial, to show the hmrè 

merely hy the Surfs altitude. 

This dial seems to be very ingenious, s^nd convenient, 
as it requires neither a meridian line nor a compass, and as 
nothing farther is necessary to be known, but the sign and 
d^ree of the sun's place in the zodiac : this however we 
shall render much easier by substituting, for the sun's 
place, th& day of the mont^. It is attended with one in* 
convenience, which is, that the hours near the rising and 
setting of the sun cannot be marked upon it ; but we shall 
show how this defect may be remedied. 

Having assumed the point a, pi. 10 fig. 23, as the place 
of the style ab, which we shall here suppose to be an inch 
in height, draw the indefinite line dac, and ao perpendi* 
cular to it : draw also the lines ai, ah, af and ae, making 
the equal angles cai, iah, hag, 8cc. Having then as- 
sumed the line ac, as that corresponding to the 21st of 
December, the day of the winter solstice, take, from the 
third table, the sun's zenith distance for each hour of the- 
day, when he enters Capricorn, and make the angles ab 
12, AB 11, A B 10, &c, equal to those found in the table. 

On the line ad, destined to represent the 21st of June, 
the day of the summer solstice, assume a 12, a 1, a 2, a S, 
A 4, A 5, &c, of such a length, that the angles ab 12, ab I, ' 
AB 2, ab 3, &c. may be equal to the sun's zenith distances 
at the hour& of 12 at noon^ I or 11, ii or 10, and so on. 
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la like manner^ having raised, on the line ai, a perpen- 
dicular AK| equal to the height of the style ab, make the 
AQgles AKL,, AKM) AKN, &c, equal to the sun's «eenith 
distances at the hours of 12, 1, 2, &Cy when the sun enters 
aqqarius or Sagittarius ; and on that line mark the points 
l'y M, n , iScc : these points will be those of noon, the hours 
of 1 or U, 2 or 10, and so on. 

On each of the lines ah, ao, àf, &c, do the same thing: 
which will give on these lines the hours of the day ; and 
if the similar horary points, such as those of noon, those of 
1 or II, 2 or 10, &c, be joined by a curved Une, the dial 
will be constructed. 

The method of knowing the hour on this kind of dial, 
is as follows. Let us suppose, for example, that the given 
day is the 21st of October; expose the dial to the sun on 
a horizontal plane, so that the shadow of the style may 
fall on the line ah, or that marked 21 October, and ob<^ 
serve where the shadow terminates ; for that point will 
indicate the hour. 

If the proposed day be different from those correspond- 
ing to the lines Ac, ai, ah, &c, the intermediate line, oit 
\7bich the shadow of the style ought to fall, may be easily, 
found, by counting the number of days elapsed between 
the given time, and the 2 1st of the nearest month* . Let 
the proposed time, for example^ be the 10th of Âpr|l. Be- 
tween the 10th of April, a^nd the 2lst of March» there are 
19 days; consequently the line pi the shadow ought to 
form with the. Une ag an angle of 19 degrees. . From A. 
then as a centre describe a semicircle, and having divided 
it into degrees, draw dotted lines, through^very 5 of these 
divisions^ The shadow may then be made to fall on the. 
proper line without much difficulty ^ 

Remarks.— -L It may be. r^adUy seen, that in regard 
to .the hours, near suurrisOi or sun-^set, the length of the 
shadq\ic will ooake them fall without the diaU But this 
incpnyeqiçnQe may , be rem^ied io tbe^ following manner : 
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Adapt to the dial a circular rim, concentric with the stf le, 
and of the same height : it will be easy to find on this ^ 
rim, the points where the shadow terminates al the dif- 
ferent hours till sun-set. 

II. This dial may be made concave, so as to form a por- 
tion of a spherical surface, pretty deep, that the suamiit 
of the style may be on a level with tl^ edge. The boraiy 
points may be found by the method above described ; 
those near sun-set or sun-rise excepted, for it b evident 
that the shadow of the style will never go beyond the 
extent of this spherical concave surface. 

PBOBLEM XXV. 

To construct a horizontal dial^ to show the hours by memu of 
the sun^ without the shadow of any style. 

- The invention of this dial is very ingenious ; but Oca- 
oam did not attend to one very essential circumstance ; 
namely, the declination of the magnetic needle, which in 
his time was considerable, and which being at present 94( 
degrees at London, would occasion a very great error, 
without employing the expedient which we shall here 
apply to the construction of it. But we shall first sup- 
pose the needle to have no declination. 

Describe, on a moveable horizontal plane, pi. 11, fig. 84, 
the right-angled parallelogram abcd ; and having divided 
each of the two opposite sides, ab and en, into two equal 
parts, in the points e and f, join these points by the 
straight line ef, which will be the meridian. On this Kne 
assume at pleasure the point o, as the place of the style, 
and the points f and h as the solstitial points of cancer 
and Capricorn ; through which, from the point o as a cen- 
tre, describe two circles, representing the tropics, or the 
commencement of these signs. 

Then divide the space h F into € equal partsj and 
through the extremities of these parts describe 5 other 
circles representing, tu order, the circles of decUnatton at 
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^^ doDunencementof die other signs, taken two and two ; 
«Or the sun's declination corresponding to the first degree 
^f leo, is the same as that corresponding to the first degree 
^f gemini; that correspoi^ding to the first degree of tau- 
^^ the same as that corresponding to the first degree of 
'^iigo ; and so of the rest. 

Then» on the circle representing the tropic of cancer, 
^set offy^oD each side of the line gh, arcs equal to the sun's 
^Quitfag. as girep in the above table, at the hours of 1 1 
and if IQ and 2» 9 &nd 3, &c ; do the same thing in regard 
to the circle representing the commencement of gemini 
and leo ; and so of the rest : if the similar hour points be 
then joined by a line, which must necessarily be a curve, 
if the lines are equally spaced, the dial will be con- 
structed. 

Tq supply the place of a style, fix a small pin in o, 
and suspend from it a magnetic needle, so as to play 
freely^ and be able to assume its natural direction. 

To know tbehour, expose the dial to the sun in such a 
manner, that the side ab shall be opposite to the sun, and 
that the sides gb and da shall project no shadow: the 
point where the magnetic needle intersects the arc, cor- 
responding to the sign in which the sun^s place then is, 
will indicate the hour. According to the figure, if we 
suppose the sun in the beginning of cancer, it would in* 
dicate about three quarters after 9 in the morning. 

Rbmabk«— We have already observed, that this would 
be true only in case the magnetic needle had no declina- 
tion I but as its declination at present at London is 24^ 
degrees west, the following correction will be necessary. 

As the needle will always be 24j. too |ar towards the 
west, instead of making the angles c, b, a, and d, right 
angles» cut the board in such a manner, that the angles b 
and i> shall be 114° 15', and the angles c and a 65'' 45'. 
This will rectify the error in^ declination ; and nothing 
then will be necessary, but to expjose the dial, as above 

VOL* IXT. s 



memioned, in sucb a manner that the sides cb and 
shall project no shadow. 

PROBLEM XXVI. 

To constructa dialioshmo the hours by re/Uttion. 

A dial to show the hours by reflection may be de s crib e d 
in the following manner, on a dark wall or ceiKng. Dto» 
scribe a dial on a horizontal plane, that can be illmnimted 
by the rays of the sun, such, for example, as the bcttooi 
of' a window ; but in such a manner, that the centre of 
the dial may be towards the north, and the eqmnoctiif 
towards the south ; which will give to the hour-lines a pb^^ 
sition contraiy to that which they ought to hare in com» 
mon horizontal dials. When the dial has been thus con- 
structed, and furnished with a small upright style, Bppty 
a piece of thread to any point at pleasure, of one of ibtf 
hour-lines, and extend it oyer the end of the sQrIe, tlH it 
reach any point of the wall or ceiling: this point will té 
one of those of the hour-line to which the end of dfeè 
thread was applied. If four or five points be detemjined, 
in the same manner, for each hour-line, by then drawiii|^ 
Hues throikgh these points, the required dial will be ccn^ 
structed. 

To know the hours by reflection ; adapt a small mirror, 
an inch or two in diameter, to the summit of the style, 
and let it be fixed in a position exactly horizontal : the 
light reflected from it will indicate the hour. 

Instead of a mirror, a small goblet, an inch or two in 
diameter, may be applied to the summit of the style, and 
be filled with water till its surface be exactly on a level 
with the extremity of the style : the light reflected firom 
it will indicate the hours in the same manner, and will be 
more easily observed in cloudy weather, when the sun 
scarcely appears; because the surface of the water wiH 
generally have a small movement, which by making the 
light tremulous, will render it perceptible, notwithstimd* 
hig its weakness. 
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Jnotker Method. 

Pfoce^ in any part of the bottom of a window, a small 
goblet; and fill it with water to a given height. Place 
alsOj, on the bottom of the window, a sun-dial, and when 
the «hadqw of the style falls on the hour of noon, mark on 
tbe ceifing or wall, which receives the reflected light of 
the suDy the central point of the image, of that luminary : 
ào the same thing in regard to all the other hours, and 
OMtrk these pointa with the houra ta which they cor- 
fl^^pond. 

Two or three months after, when the sun's declination 
ha» eoonderably changed, if the same operation be per- 
^imo^ùdf^fOêi mil have two paints of each lioup*line» and 
^ thfli surface, on which they are traced out, be a plane, 
^ fribtaia the required hour-line, nothing will be neces* 
^ry but tb join them by a straight line. 

But if thfi Sttf&ce, wUeh receives the reflected light, be 
^^rved or irregular, to dbtain the hourJine a greater 
'^QlbciC of pointa will be necessary* To trace it out eir 
Mtly» tha operation of finding a point tcx each hour-^line 
^^Ught to be repeated for five or six months, from the one 
^letioe to the other : if these peints be then joined by a 
^^GUrve» they mil gisre the hpur*lines required. 

Third Method^. 

Saving deeoribed the hour-lines, in the usual manner, 
1^ a horizontal plane abcp, pL 11 fig. 25, turn the dial 
^ a direction contrary to that which it ought to have, and 
^om a point: b of the meri^lian raise a perpendicular style 
^f such a height, as it ought to have to indicate the hours : 
^ thia style apply a small mirror, so as to be exactly ver- 
^^Cal, ha^Dg its plane perpendicular to that of the meri* 
^'iaii, and its eentre correq>onding to the summit of the 

^Ji^le^ as seen in the figure ; the reflected light of the sun 

^iU then indicate the hours on the dial< 

6£ 
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Fourth Method. 

By a similar method, a sun-dial might be traced out on 
a wall exposed to the north, so as to show the hours bj 
the reflection of the sun's rays from a small yertical mir- 
ror, placed against a wall exposed to the south. Tins 
would be attended with no great difficulty ; and such of 
our readers as are curious in dialling may exercise their 
ingenuity on the execution of it. 

ONOMONICAL PARADOX. 

Evety mnrdial^ howeoer accurately constmded^ufabef 
and even sensibly so, in regard to the hours near sim-4et* 

The truth of what is here asserted, will be readily fier- 
ceiTed by astronomers^ who are acquainted with the eflbct» 
of refraction. .The following observations will make it 
sensible to our readers. 

It is a fact, now well known to all philosophers^ that the 
heavenly bodies always appear more elevated than thef 
really are, except when they are in the zenith. This ph^ 
nomenon is produced by the refraction, which the rays of 
light, proceeding from them, experience in the atmo^' 
sphere ; and the effect of it is very considerable in the 
neighbourhood of the horizon ; for when the centre of the 
sun is really on the horizon, he still appears to be elevated 
more than half a degree, or 33 minutes, which in our la- 
titudes is the quantity of the horizontal refraction. The 
centre of the sun then is really on the horizon, and astro- 
nomically set, when his lower limb does not touch the 
horizon, but is still distant from it an apparent semik 
diameter of the sun* 

Let us suppose then, that on the day of the equinoo^ 
for example, the hour indicated by a vertical west-dial» 
near the time of sun-setting, has been observed at the mo- 
ment when a well-regulated clock strikes 6 : the shadow 
of the style ought te be on the hour of 6, and it would 
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be 80 if the' sun were on the horizon ; but being 
elevated 33 minutes above the horizon, the shadow of the 
style wiH be within 6 hours, for it is by the apparent 
kaage of the :sun that this shadow is formed : it will even 
BOt reach that line till the sun has still descended 33% for 
mbich he will employ, in the latitude of London, about 
^".28* of time. But, in a sun-dial, an error of 3"^ 23* is 
IMore Uian sensible. 

«If the sun be at the summer solstice ; as he employs in 
die latitude of London more than 4°^ to descend vertically 
S$ minutes on the horizon, on account of the obliquity with 
vbtch the tropic cuts that circle, the difference will be 
snore seniâble as the space passed over by the shadow be* 
tween the hours of 7 and 8, is sufficiently great to suffer 
ao error of a 12th or a fifteenth to be very perceptible. 
We have seen, on a dial of this kind, the point of* the 
pbadow,. which ought to have fallen on the line of 7 
q^clock, more than an inch distant from it ; though at all 
llie other hours of the day the dial was very exact, and 
corresponded with an excellent watch which was com* 
pored, with it« We shall therefore describe a method of 
constructing a sun-dial, by which this inconveniencemay 
be obviated, 

PROBLEM XXVII. 

To cansiruct a sun-dial which, notwithstanding the effect of 
refraction^ shall indicate the hour exactly. 

We shall here confine ourselves to the example of a 

^vertical dial without declination, turned directly south, 

and for the latitude of 48* 50'; but the same expedient 

may .be easily applied to any other vertical dial, and even 

to a declining one for any other latitude. 

Let c be the centre of the dial (pi. 12, fig. 26) to be 
eODStnicted, and c xii the south line. In any point p of 
ibat line^ fix an upright style, consisting of an iron pin 
placedx perpendicqlar to the plane of the dial, and ter- 



fiQinfttiftg in A Mûfiâ buttoti, 7 or B IfMs in ^attietétr, ih 
Aât thé centre of €his btrtton shall form with tlhàt of tibe 
éial n line fmrâllel to the cek^stial akift. 

Then set off the length of this styte, taken firom this 
dsntre of the button, from p to ii ; and tbrougb Âe pcktit 
p diraw the hoHzontal line qk. 

Let it nô^ be required to trade ottt^ for exàrfrple, the 
line of 4 o'clock in the afternoon. Connder kV t» VarfiMi 
Md from A, as a centre, with the distance af, ddstribte « 

ÎuàâtBM. Then find the suyi*s ammith ^t 4 ^o^iAixk H 
ie afternoon when he ettters tsapritorn, fb^ the iMStaiè 
(sf 4^ 50^1 and the same «zimoth at the same hour wh è i 
be 'enters aqnatrion or futgittarios, libra or arie^, t^mrM #f 
iHipgo : these four azimiaths it ill •serve \b gitt four (idhRI 
Ibr (he Kne of 4 hôur^, whkh will b^ «ufficienb Til* 
srtih'd aiimutb at 4 in die afternoon when be «ntertt eapA> 
eorn, fer lat. 48* SCT, will be found to be SVSlf; fbr «Mb 
i^easen dVaw Ait, in isuch à manner, that the angfe ItàV 
AuM be equal tb 82* 35'; that rs, lay off an angle equal t» 
tfaaft quantity by means of a protractor, or make the ktt 
t k equal to that dumber ic^f durées and minutes. I>raw, 
in like mantier, for the fither three fngns, the lines AiL, 
AM, and AN, making the angles pal, pam, pan, tiesipedb- 
ively equal to 54* 28', 60° 30', 74* 2l', and then draw the 
Indefinite verticals kf, lg, mh, and ni. 

Next ]Ënd toe sun^s altitude at 4 in the afternoon wlien 
be enters Capricorn : this altitude. For lat. 48^ S0% will be 
(bund to be 40^, the tangent corresponding to wHrcA is 
liSf3, radius bieing stippo^ equal to 10OOÛO pattstrfibé 
same kind. But as 1153 is fbe B6th part i)f lOOOOb, 
âi^de AK into 8€ parts, anfd «et off one from k \of: dte 
point/ will be one of tbe i'eqniroél poSnts t)f Ifbelioar-liSe 
rf4 0^clôck. 

K Mce mahnef, to determltîé I9)e p^iiit ^, find tHfe ii tt l ffi 
iAStMe at the saitee bbtir when be entei^ aqcMirinsi WMfi^ 
n!ri»',endastfaeiahgc9ntd(^tYesp altKM Éi ^ 
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il 5SM^ wfaidi is the 18l;b part of the radiul^ if al be di- 
vided into 18 part;^, and one of them be set off from X to ^» 
yott will have tb^ second point required. 
/ HuTiiBg found the other two by the like process, draw 
dirough these four points a line somewliat curved* and 
jrM.wiU hare the hour-line of 4 o'clock* 

:If a fimilar operation be performed for all the other 
hsiarjines,, the dial will be constructed. 
• ICa colored line be made^to pass through the points ot 
'Saoh hour-line, corresponding to the commencement of 
«aeh ûgOf you will have what are called the arcs of the 
%iis, traced out much more exactly than by the com- 
mon.aiethod ; as the shadow of the summit of the style, 
whoa tbe aun is near the horizon, must deviate from (he 
iradk marked out for i^* 

. RxMARK^— It will be best to begin by tracing out the 
fcoBTiKnes aiecording to the usual method, but only with a 
paacîl ; because the difference between the hour-lines, as 
deicfcibed by both methods, can by these means be better 
fihaeffved. 

PROBLEM XXVIII. 

To deuribe a dial on the convex surface of a fixed cylinder ^ 

perpendicular to the horizon. 

Tbb dial, which is exceedingly ingenious, is attended 
witbthk peculiarity, that the hour is shown, not by the 
abadow of a style, but by that of a horiz(mtal circle, which 
interaecta the sun's parallel. It may be employed as an 
amaoieot in a court or garden, or may serve as a pedestal 
to a atatue^ or to another dial, such as the spherical one 
é asciib ed in {nrob. 1 6. This dial is represented fig. 87^ 
fL 13. Matters may be so arranged, that the circular 
temice, which surrounds diis pedestal, shall perform the 
yart of 4i circular sQrle : this will produce a mudi bettar 
êfioat, than could be produced by a detached heriâontal 
Mokorhoop. Adkdof this kind, constructed with great 
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care, urns seen formerly in the garden of tbe BenedictmeSi 
at tbe*abbey of Saint^Germain-^es-Prés.- It was the wcik 
of Father Quesnet, a monk of that order, who made maay 
improvements in what Kercher and Benedict had befimne 
taught, in regard to dials of this kind. 

The tables of the azimuths and apparent altitudes of ^tbe 
sun, already ^ven,*are employed in the constructioa' of 
this dial. We here make use of the term apparent aW^ 
tudes^ because it is evident that what we have^saidy re- 
specting refraction, is applicable in the present case ; .and 
besides, the apparent altitudes may be employed with tlie 
same ease as the real altitudes, as has hitherto been do»; 

Let AB, pi. 14 and 15 fig. 27, be the diameter of tka 
cylinder^ on which the ,dial is to be described. Having 
drawn, from one of its extremities a, the tangent ab, espial 
to the semi-diameter ac, draw the secant ce, which will 
intersect the cylinder in n: the line de will be the length 
of the style. The style however might be longer or sfaofton 
but this length appears to be the most convenient. Then 
from the centre c describe, through the point b, a circk 
concentric to the first, and which will represent the ex* 
tremities of all the styles supposed to be implanted quite 
round the cylinder. An iron circle of the salne size, 
placed around the cylinder, in such a manner as to be 
kept at an -equal distance from it by means of spikes^ will 
serve to indicate the hours ; but it will be better to crown 
the cylinder with a circular piece of marble, having, snob 
a projection as may render it fit for the same purpose. 

Then on kf, fig. 28» made equal to the line de describe 
the quadrant fn, and having divided it into degrees, ccunt 
from If towards n the sun's greatest altitude above.tko 
horizon of the place, which being at Paris 64^ 39', ; wili 
give -the arc fm, equal to that number of decree» «and 
minutes. Through the point m, draw the. secant Ki,.wfaicb 
meeting the cylinder in the point i, will give Ti^eXstpgmà 
ci 64"" 39', as the height of the dial s which bQwevor^oi^ 
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bejmade Homewhat greater, in order to leave» between 
-ttrfaeJowest^bBdow and the bottom of the cylinder, sufficient 
for inscribing the hours and the signs. The cylinder 
ought to be of such a size, that the hours may. be 
^diatinctly marked on its surface. 

Ab the operation on the body of the cylinder, though 

"^ertonaed in the same manner, is attended with*incon- 

"^renieiioe, it may be supposed expanded into a rectangle 

3PHU^ the length of which is equal to its circumferenoe 

Jk9BWf and the height lh to the above tangent at least. 

«' Having ^divided fh into two equal parts at o; through 

^tittt point draw o xii perpendicular to it; then divide 

^■eh of. the two spaces ho, of into 180 parts or degrees^ 

jBckoning; on both sides from .the point g, which is the 

aoQtfa point: the points of 90 degrees, which divide vcacb 

<if the intervals ho, -of into two equal parts, are the points 

of* 6 in the morning and 6 in the evening, which on the 

cylinder will be diametrically opposite; as the south line 

o.«n is diametrically opposite to the line fi or hl, which 

we must suppose to be joined, and on the cylinder to form 

only one line. 

Then through each degree of the arc fm draw secants, 
which will mark out in succession, on fi, the tangents of 
1» ^3, 8ic, degrees, to 64'' 39', beyond which it is need- 
less to go, as a greater number cannot be employed. 

To inscribe the hours on the dial, and to mark, for ex- 
smfrie, the point of x in the morning and ii in the after- 
noon,- for the time when the sun enters the sign 0, look 
in the table- of the sun's azimuths, and opposite to x and ii, 
yon will find 53'' 49', the sun's azimuth at x or ii, when 
he enters into 0. In the table of altitudes, look also for 
the sun's altitude at the same period and hour, which will 
be . found to be ÔB^ 22'. Then count, on the horizontal 
kne FH of the dial, from the south point o towards f, 53* 
46^ifor the son's azimuth, and on the vertical line fi, count 
from F the altitude 55^ 27! \ then through the points where 



theie RHa^n terminâtes draw two lines paraOel to the 
respectif ndes of the reotangle, and the point where thejr 
intersect each other will give the boor^oint required* 

It is here to be obseryed, that the evening hours minfc 
be on the right of the south line, and the morning one» 
on the Irft. 

That the reader may be better enabled to comprehcod 
Ate operation, we shall suppose, for example, that k is 
feqaifed to find the point corresponding to tii io. tbe 
iboririiig, or ▼ in the afternoon, when the sun enters the 
ngns^ orift. By inspecting the before-mentioned taUei^ 
h wtU be found that the sun's azimuth, at vu in the mon»* 
ing and v in the afternoon, is 86^ 33', and that his altitude 
at the same time is 18^ 2$'. Count therefore on ra^ from 
Bf M* m' for the sun's axinuitb, and on the line vi, from 
V^ 16^ sa*" for his altitude : the point .where the two lines 
drawa parallel to the sides of the rectangle, througb these 
dtv'isicm, intersect each other, will be that of til ia the 
mommg or v in the evemng, when the sun enters ^ or .Ift» 

If the points thus found, for each hour, at the soo's 
entrance into each of the signs, be then joined, which wiU 
require only seven operations, the lines that join them frill 
be the hour-lines ; and if all the hours of the day, whes 
the sun enters each sign, be joined also by curved lioc^p^ 
these seven lines will intersect the hour-lines, and be the 
parallels of the commencement of the signs. 

To blow the hour on this dial, it will be first neceMwy 
to find in which parallel the sun is, and to observe wbeie 
that parallel is intersected by the shadow : the honiwlino 
passing through the point of intersection will indicate jèe 
hour* Let us suppose, for example, that the shadow ef 
^ the style, on the day when the sun enters virgo^ interaesli 
the parallel of that sign pgm^ in the point a, whkah is^tbe 
mean distance between the points where that parallel.à 
eut by the lines of the hours viii and ix : vre nay tberefoM 
eoaclude that it is half an hour past 6 o'dodu 
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The hoar may be known also by observing, as taught 
by Ozanam, where the line of the shadow of this cylinder 
intersects the parallel of the sun ; but as this line is never 
fidi tdminated, as already menrioned in regard to 4ials 
obstructed in the form of a globe, this is not to be recooi- 

Rebiarks.— L The «se of this dial will be more oom*^ 
mêdUous» if, instead of the signs of the Kodiae, the months 
of tbe year be employed ; for every one knows the day of 
Ae month ; but few except astronomers know tlie sign cor- 
•ri^endiiig to each month, or to wfaat third or qoarter of o 
mifa any day belongs. For this purpose it is tiecessary to 
oooiak a& almanac. 

■"< Tiiis change on dials of this kind nAy be easily Made; 
tt/tme may assume as true, without any sensible error, that 
Ae tsnth degree of each sign corresponds to ttie first day 
of Teach month, as the equinox Mis, for the most pait, on 
Am 81 St of M^rch. Instead then of taking the sun's asrmulfi 
and altitude al; the commencement tif the sig^, nothing 
9^1 be necessary but to take it at every tenth degree of 
teob mjgn^ Then by performing the same operation as 
that above taught, and joining the points belonging to the 
first of each month, you will have the parallels of the com- 
lËQiencement of each month, and the hour may be known 
wilili great «ase. 

il* Small portable cj'lindrical dials, which show tftie 
boor by meams of a style affixed to the moveable top of 
tko eytindier,-are aho used. The style is placed on the 
OMKnt «ign; and being turned directly to the son, tbe 
iOigth ctf the shadow 49a the azimwtb, paraMel to tbe axis 
if the cj^inder, shows ^^ hoar. As this dial may be 
oMity*: oofiolrueted, wenshsdl say nothing farther on the 
sobject. Â description of k may be seen in most bodft 
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PROBLEM XXIX. 

ITo describe a portable dial on a quadrant. 

As the construction of this dial depends also on the sun^s 
altitude at each hour of .the day, in a determinate latitude^ 
according to his place in the zodiac, the tables before 
mentioned must be employed here also. 

Let ABC then, pi. 15 %• 29, be a quadrant, the cetttre 
of which is a. From the centre a describe, at pleasure^ 
seven quadrants equally distant from each other, to re- 
present the commencement of the signs of the zodiac ; the 
£rst and last being assumed as the tropics^ and that inrtbe 
middle as the equator. Mark on each of these parallels of 
the signs, the points of the hours, according to the altitude 
which the sun ought to have at these hours, which maybe 
found in the table above mentioned. To determine for 
example, the point of ii in the afternoon, or x in the 
morning, for the latitude of London, when the sun entei^ 
leo; as the table shows that the sun's altitude is at that 
time 5QP 56\ make in the proposed quadrant the angle 
BAO equal to 50^ 56', and the place where the parallel of 
the commencement of leo is intersected by the line AO, 
will be the required point of ii in the afternoon and x in 
the morning. 

Having made a similar construction for all the other 
hours, on the day of the sun's entrance into each sign, 
nothing will be /necessary but to join, by curved lines, 
all the points belonging to the same hour, and the dial 
will be completed. Then fix a small perpendicular style 
in the centre a, or place on the radius ac, or any other 
line parallel to it, two sights, the holes of which exactlyr 
correspond; and from the centre a suspend a small plum* 
met by means of a silk thread. 

When you use this instrument, place the plane of .it.iim 
such a manner as to be in the shade; and give such a 
direction to the radius that the shadow of the small style 



PORTABLE DIAL. 1169 

^^^lall fall on the line ac, or that the sun's rays shall pass 
^^rough the two holes of the sights : the thread from which 

le plummet is suspended will then show the hour, by the 

ûnt where it intersects the sun's parallel. 

To find the hour 'with more convenience, a small bead 

pat on the thread, but in such a manner as not to move 
"too fireely. If this bead be shifted to the degree and sign 
of the sun's place, marked on the line ac, and if the in- 
strument be then directed towards the sun, as above men- 
tioned, the bead will indicate the hour on the hour-line 
which it touches. 

Hbmabk. — ^To render this dial more commodious, and 
for reasons already mentioned in describing the cylindric 
dial, it will be better, instead of the signs, to mark the days 
of the month on which the sun enters them. For example, 
instead of marking the small circle with the sign Hf , mark 
December 2 1 ; close to the second place on one side January 
SI, instead of ss^ the sign of aquarius ; and on the othei' 
November 21, instead of /, the sign of Sagittarius, &c ; 
for if we suppose the equinoxes invariably fixed at the filst 
of March and the 21st of September, the days on which 
the sun enters the different signs of the Zodiac will be 
Dearly the 21st of each month: to use the dial, nothing will 
then be necessary but to know the day of the month. 

PROBLEM XXX. 

To describe a portable dial an a card. . 

This dial is generally called the Capuchin, because it 
resembles the head of a Capuchin friar with, the cowl in- 
verted. It may be described on a small piece of padfe- 
board, or even a card, in the following manner. 

Having described a circle, pi. 15 fig. SO, at pleasure, 
the centre of which is a, and the diameter b 12, divide thé 
circumference into 24 equal parts, or at every 15 degrees, 
beginning at the diameter b 12. If each two points of 
division, equaliy distant from the diameter b 12, be then 



jqioed by parallel Unes, these pgrallek will be the boujp* 
Uo^; and that passing through the ceol^e a, will be the 
Uae of six o'cloclc. 

Then at the point 1£» make the angle b 19 T equal tji^ 
the elevatioot of the pole, and having drawn thrqi^t^ the 
poiol V, where the line 12 «f intersects the liu^ of Ç 
Q'clocky th« indeSnite line ^ kf , perpendicular to th^ li<H^ 
U npy.chraw from the extreInities^ of the line 191 Vitl^ 
lines 19 9 and 12 isP» which will each make with the linO: 
13 IT I an angle of 23} degrees, which i& the sun's greaMEiift 
declination. 

The points ^ the other signs may be found on tUis per* 
pendicnlar u tf > by describing from the point <r j s^ % 
caotre, through the points 0^ ls^> the circumfereiice of a 
circle^ and dividing it inU> 12 equal parts, or at every SCt 
dagreev^^ ixiark the commencement of the 12 sigps. Jomi 
every two opposite points of division, equally distant frqoi 
tlie p<NOts 09, HP, by lincvs parallel to each other, and peyrv 
poodicular to the diajooeter ^b i^f : these lines will detect 
Qiin^> on tin» diameter, the commencement of the sigi^; 
from which, as centres, if circular arcs be described through 
llie point 12, they will represent the parallels of the signs; 
and therefore must be marked \vith the appropriate ch<u* 
ractemas seen in the figure. 

A slit must be made along the line ss if, to admit a 
thread furnished with a small weight, sufficient to stretch 
it ; and in which it must glide, bat not too freely; so that 
it3 point of suspension can be shifted to any point of the 
line Tcf at pleasure. 

. These arcs of the signs will serve to indicate the hour$ 
when ;the sun shines, in the following manner : Having 
drawn at pleasure the line c if, parallel to the diameter B 
12, fix at its extremity c a small style in a perpend ieulfif 
direction, and turn the plane of the, dial to the sun, so that 
the shadow of the style shall cover the line c ):f : the thread 
md phuomet being then freely suspended from the sun'a 
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-^htet madted cm tbc line ça yf, will indicate the hoar on 

^^be mrc of the same aign at the bottom. 

The thread may be farnished with a small bead, to be 
lued w in the preceding problem. 

KsMARC-^This dial originated from a eniTenal recti- 
lineal dial constructed bj Father de Saint-R^nd, a jesait, 
and professor of mathematics in the college of Lyons, 
nnder the name of AnaUmma Jiovum. But though Ozanam 
has given a conspicnons place to it in his Recreations, as 
wcU as to another universal rectilineal analemma, it ap* 
peared to as that Us description of them was too complex 
to be admitted into a work of this kind. 

PROBLEM XXXI. 

Method of constructing a Rmg-^Dial. 

Portable ring-dials are told by the common instrument 
makers; but they are very defective. The hours are 
marked in the inside on one line, and a small moveable 
band, with a hole in it, is shifted till the hole correspond 
with the degpree and sign of the sun's place marked on the. 
outside. Such dials however, as already said, are defective i 
for as the hole is made common to all the signs of the 
zodiac, marked on the circumference of the ring, it indi- 
cates justly none of the hours but noon: all the rest will 
be false. Instead of this arrangement thcnrefore, it will be 
necessary to describe, on the concave surface of the ring, 
seven distinct circles, to represent as many parallels of the 
sun's entrance into the signs ; and on each of these must 
be marked the sun's altitude on his entrance into the sign 
belonging to the parallel to which the circle corresponds. 
When these points are marked, they must be joined by 
curved lines, which will be the real hour-lines, as has beeii 
temarked by Deschales. 

Having provided a ring, pi. 16 fig. 31, or rather de- 
scribed a circle of the size of the ring which is to be 
divided ; and having fixed on b as thé point of suspension^ 
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make ba and.BO, on each side of b, equal to 51^ 3l',ibr 
the latitude of the places suppose London, that is, equal- to^ 
the distance of the zenith from the equator: then through 
the points a and o draw the chord ao, and ad perpm* 
dicular to it: if the Une a 12 be then drawn through" a 
and the centre of the circle, the point 12 will be thelioar 
of noon on the daj of the equinox. 

To find the othier hour-points for the same day, at the 
commencement of aries and- libra ; from the centre À de- 
scribe the quadrant on ; and from the point o, set off to- 
ward F the sun's altitude at the difierent hours of the day/ 
as at 1 and 11,2 and 10, &c ; the lines drawn from the 
centre a through these points of division, if continued to 
the circumference of the circle b 12 a, will give the hour- 
points for the day of the equinox. 

To obtain the hour-divisions on the circles correspond- 
ing to the other signs, first set off, on both sides of the 
point A$ pK 16 fig. 32, the sun's declination when he en» 
ters each of the signs, viz, the arcs as and ai of 2S der 
grees, for the commencement of taurus or virgo ; of scoc- 
pio or pisces; af of 40° 26' for the commencement of ge?- 
mini and leo;. ak equal to it for the commencement of 
Sagittarius and aquarius; and ag and al of 47^ for the 
commencement of cancer and Capricorn. * 

Now to find the hour-points on the circle, that cor«> 
responding to the commencement of aquarius, for eXf» 
ample, through the point k, which corresponds to the 
sun's entrance into that sign, draw kp parallel to ao, and 
also the line k 12 : from the same point k describe^ be^ 
tween k 12 and the horizontal line kp, the arc qr; on 
which set off, from r towards q, the sun^ altitude at th9 
different hours of the day, when he enters Sagittarius and 
aquarius, as seen in the figure ; and if lines be then drawn 
from K to these points of division, you will have the hour- 
points of the two circles corresponding to the commence- 
ment of Sagittarius and aquarius. By proceeding in tbe 



le aiaiiner foir the sun's entrance into the other nignsy 
will have the hour*points of the circles whicb coir* 
^pond to them. 
"The^ trace out, on the concave surface of the circle^ 
|^V«n panUlel circles, pi. 16, fig. 33, that in the middle 
'^^v^ the equinoSies ; the two next on each side for the com* 
^eneemeot of the signs taurus and Virgo^ scorpio and 
t^iBSoèfei; the following two on the right and left for gemini 
^HcI leoy Sagittarius and aquarius ; and the last two for 
^CMMer and Capricorn : if the similar honr-p(Hnts be then 
JoiDed by a curved line, the ring-dial will be completed. 

'Ilie next thing to be done, is to adjust properly the 
^ole which admits the solar rays; for it ought to be 
^^oveable, so that on the day of the equinox it may be at 
^^è poi'àit A ; on the day of the summer solstice at o ; oh 
^be day of the winter solstice at l ; and on the other days 
^ lileyear in the intermediate positions. For this pur- 
pose the exterior part of the ring cbd must have in the 
mkldle of.it a groove^ to receive a small moveable ring or 
hoop, with a hole in it. The divisions l, k> i» A, e» f, o, 
must be Inarlied on the outside of this part of the ring by 
parallel lines, inscribing on one side the ascending signs, 
and on the other the descending : when this construction 
has been made, it will be easy to place the hole of the 
moveable part a on the proper division, or at some inter- 
mediate point ; for if the ring be pretty large, each sign 
may be divided into two or three parts. 

To know the hour ; move the hole a to the proper di- 
vision, according to the sign and degree of the sun's place ; 
then turn the instrument in such a manner, that the sun's 
rayi^ passing through the hole, may fall on the circle cor- 
responding to <he sign in which the sun is : the division 
on which it &ll8 will show the hour. 

Rbxakksw-t^I. To render the use of ; this instrument 
easiar,. instead of the divisions of the signs, the days cor* 
responding to the commencement of the, signs might h^ 
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marked out on it: for example, June 21 instead of A; 
April 20, August 20, instead of 8 and ^K, and so on. 

n. The hole a might be fixed, and the most proper po* 
sition for it would be that which we originally assigned to 
the day of the equinox ; but in this case, the hour dT dood, 
instead of being found on a horizontal line, for all the 
circles of the signs, according to the preceding method^ 
would be a curved line ; and all the other hour-lines would. 
be curved lines also. As this* would be attended within 
considérable degree of embarrassment and diflficulty, it 
will be better, in our opinion, that the hole a. should be 
moveaUe. 

PROBLEM XXXII. 

How the shadow of a style, on a Sun-dial, might go haek- 

wards, without a miracle. 

This phenomenon, which on the first view may appear 
physically impossible,' is however very natural, as we shall 
here show. It was first remarked by Nonius or Nugnes^ 
a Portuguese mathematician, who lived about the end of 
the sixteenth century. It is founded on the foUowii^ 
theorem. 

In all countries, the zenith of which is situated between 
the equator and the tropic, as long as the sun passes be» 
yond the zenith, towards the apparent or elevated pole, 
he arrives twice before noon at the same azimuth^ and the. 
same thing takes place in the afternoon* 

Let z, pi. 17 fig. 34, be the zenith of any place situated 
between £ the equator, and t the point through whicfa 
the sun passes on the day of the summer solstice ; let the 
circle haqbkh represent the horizon ; req one half of 
the equator ; tf the eastern part of the tropic above the 
horizon, and gt the western part. It is here evident, 
that from the zenith z there may be drawn an azimuth 
circle, such as zi, which shall touch the tropic in a pmnt 
Oy for example ; and which shall fall on the horizon in a 
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point I, situated between the points q and f, which are 
ihosp where the horizon is intersected by the equator and 
the tropic ; and, for the same reason, there may be drawn 
another azimuth, as zh, which shall touch in o the other 
part of the tropic. 

X^ us now suppose that the sun is in the tropic, and 
consequently rising in the point f ; and let a vertical style, 
of an indefinite length, be erected in c. Draw also the 
lines ICK, and fcn ; it is evident that at the moment of 
sun-rise the shadow of the style will be projected in cn • 
and that when the sun has arrived at the point of contact 
o, the shadow will be projected in ck« While the sun is 
passing over fo, it will move from cn to ck, but when the 
sun has reached the meridian, the shadow will be in the 
line CB ; it will therefore have gone back from ck to cb : 
from sun-rising to noon then it will have gone from cn to 
. ck and from ck to cb ; consequently it will have moved 
in a contrary or retrograde direction ; since it first moved' 
from the south towards the west, and then from the west- 
towards the south. 

Let us next suppose that the sun rises between the points 
F and I. In this case the parallel he describes before noon 
will evidently cut the azimuth zi in two points; and 
therefore, in the course of a day, the shadow will first fall 
within die angle kcl; it will then proceed towards ck, 
and even pass beyond it, going out of the angle; but it 
will again enter it, and, advancing towards the meridian, 
will proceed thence towards the east, even beyond the line 
ci«, from which it will return to disappear with the setting 
of the sun within the angle lcb. 

It is found by calculation, that in the latitude of 12 de- 
grees, when the sun is in the tropic on the same side, the 
two Khes CN and ck form an angle of 9** 48' ; to pass over 
wUch the shadow requires 2 hours 7 minutes. 
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PROBLEM XXXIII. 

To construct a dialj for any latitude^ on which the shadow 
shall retrograde or move backwards. 

For this purpose incline a plane, turned directly soutb^ 
in sucb a manner, that its zenith shall fall between the 
tropic and the equator, and nearly about the middle of 
the distance between these two circles : in the latitude of 
London, for example, which is 51* 31', the plane most 
make an angle of about 38?. In the middle of the plane» 
fix an upright style of such a length, that its shadow shall 
go beyond the plane ; and if seyeral angular lines be then 
drawn from the bottom of the style towards the soath» 
about the time of the solstice the shadow will retrograde 
twice in the course of the day, as above mentioned. 

This is evident, since the plane is parallel to the hori- 
zontal plane having its zenith under the same meridian» at^ 
the distance of 12 degrees from the equator towards the 
north : the shadows of the two styles must consequently 
^inove in the same manner in both. 

PROBLEM XXXIV. 

To determine the line traced out, on the plane of a dial, èy 

the summit of the style. 

. We here suppose that the sun, in the course of a di« 
urnal revolution, does not sensibly change his declinaticb ; 
for if he did, the curve in question would be of too com- 
plex a nature, and very difficult to determine. 

Let the sun then be in any parallel whatever. It may 
be easily seen that the central solar ray, drawn to the 
point of the style, describes a conical surface, unless the 
sun be in the equator; consequently the shadow pro- 
jected by that point, which is always directly opposite to 
it, passes over, in its revolution, the surface of the oppo* 
site cone, which is united to it by its summit. Nothing 
then is necessary but to know the position of the plane 
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which cuts the two cones ; for its intersection with the co- 
nical surface, described by the shadow, will be the curve 
required. 

Those therefore who have the least knowledge of conic 
sections will be able to solve the problem. For, Ist, If 
the proposed place be under the equator, and the plane 
horizontal ; it is evident that this plane intersects the two 
Oppottte cones at the summit : consequently, the track of 
the shadow will be an hyperbola bcd, fig. 17 pi. 35, 
having its summit turned towards the bottom of the style. 

But it may be easily seen, that as the sun approaches 
the equator, this hyperbolic line becomes flatter and 
flatter; and at length, on the day of the equinox, is 
changed into a straight line ; that it afterwards passes to 
the other side, and always becomes more and more curved, 
ÛM the sun reaches the tropic, 8cc. 

We shall here add, that the sun rises every day in one 
of the asymptotes of an hyperbola, and sets in the other. 

2d. In all places situated between the equator and the 
polar circles, the track of the shadow, on a horizontal 
plane^ is still an hyperbola ; for it may be easily seen that 
this plane cuts the two opposite cones, united at their 
siimmits, which are described by the solar ray that passes 
over the point of the style ; since in all these latitudes the 
two tropics are intersected by the horizon. 

8d. In all places situated under the polar circle, the 
line described by the shadow on a horizontal plane, when 
the sun is in the tropic, is a parabolic line : but that de* 
scribed on other days is hyperbolic. ^^^ 
' 4th. In places situated between the polar circle and the 
i^le, as long as the sun rises and sets, the track described 
by the shadow of the summit of the style, is an hyperbola : 
when the sun has attained to such a high latitude that he 
day touches the horizon, instead of setting, the track is 
a'^rabola; and when the sun remains the whole day 
aimredie horizon, it is an ellipris, more or lofs dongatef)* 
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5th.^ Lastly, it may be easily seen that under tbe pole 
the track of the shadow of the summit of the style is al- 
ways a circle ; since the sun, during the whole day, re- 
tinains at the same altitude. 

CoROLLARY.-^-As the arcs of the signs are nothing else 
than the track of the shadow of the summit of tbe style» 
when the sun in his diurnal motion passes over tbe paral- 
lel belonging to the commencement of each sign^ it fol- 
lows that these arcs are all conic sections, having tbeir 
axis in the meridian or substylar line.- In horizontal dials, 
constructed for places between tbe equator and tbe polar 
circles, and in all vertical dials, whether south, north» east» 
or west, constructed for places in the temperate zooe» 
they are hyperbolas. This may be easily perceived, on 
the first view, in most of the dials in our latitudes. 

These observations, which perhaps may be considered 
by common gnomonists as of Uttle importance, appeared 
to us worthy the consideration of those more versed in 
geometry ; especially as some of them may not bave at« 
tended to them. For this reason we resolved to give 
them a place in this work. 

PROBLEM XXXV. 

To know the hours an a sun-dial^ by the moon shining on it. 

This problem will not appear diflScult to those who 
know that the moon's passage by the meridian is every 
day later by about 48 minutes ; that when new, she pastes 
the meridian exactly at the same time as the sun ; and 
when full, 12 hours after. 

First, find the moon's age, which is given in every com- 
mon almanac, where the days and hours of the new and 
full moon are always marked. Let us suppose then, that 
àt the time when you wish to know the hour, 6 days and 
à half have elapsed since new moon. Multiply 48 mi- 
tîntes, or f of an hour, by 6 J, and the product will be V, 
or 5 hours 12 minutes, which must be added to the boor 
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indicated by tlié dial. If the dial therefore indicates 4 
hfoiirs, the real time will be 9 hours 12 minutes. 

Bat the hour may be found much more exactly in the 
following manner. First find at what hour of the day the 
noon has passed, or will pass the meridian ; which may 
be determined by the help of a common almanac, where 
the times of the moon*s rising and setting are marked ; for 
if the intenral between the rising and setting be halved, it 
will give the time of the moon*s passing the meridian 
nearly. 

- Let us suppose then, that the moon has passed the meri- 
fian at S^ S(P in the afternoon ; the difierence of this 
passage from that of the sun, were the moon fixed in the 
heavens, would be 3| hours later than the sun. Conse- 
quently if the moon indicates, on a sun-dial, li in the 
evening, we may conclude, on the supposition of the moon 
being motionless, that it is eleven at night. But since, 
ifi this interval of 7} hours, the moon has had a retrograde 
motion towards the east, which occasions in her passage of 
the meridian a retardation of 48™ daily ; which is at the 
rate of 2 minutes per hour, we shall have for 7| hours 
15"*, which must be added to the hour indicated by the 
moon, over and above the quantity by which her passage 
over the meridian has been later than that of the sun. 

If the moon had passed the meridian before the sun, it 
would be necessary to deduct from the hour indicated by 
the moon the quantity by which she preceded the sun, 
and to add to the remainder as many times two minutes as 
the hours she indicated. But this calculation, however 
fbort, may be avoided by means of the following small 
machine. 

This machine consists of two circular plates of brass or 
wood^ or paste-board, pi. 18 fig. 36, one of which aioh is 
fixed, and the other be/ 1 moveable. On the fixed plate 
h described a circle a i^ A, divided into 24 equal parts, 
jcspreseatiog the 24 hours of the day ; each of wjbich niust 



be subdii^ided into, halves and quarters* Above* this* pite» 
is applied the other plate b efl, in such a manner as. to be 
moveable around the centre c, which b common to both: 
and the circumference of the latter is divided into parts 
which represent the hours indicated by .the -moon on ft 
sun-dial» These hours are not equal to those oi the sun 
described on the fixed plate, but must be each 2 minutes^ 
larger ; since the mpon's daily retardation is about 48 mlp. 
nutes, or 12 minutes in 6 hours. Therefore» nnoe the 
degree of a sign is equal to 4 minutes in time, it. is evin 
dent that 3 degrees are equivalent to 12 minutes of time* 
For this reason, having drawn the south-line ago, set off 
on each side from the point b, to e and / 93 degrees for 
6 hours ; and divide each of these spaces into si^ equal 
parts, to represent as many hours ; then into halves and 
quarters, as seen in the figure. 

. To use this instrument, place the index n 6 of the move*» 
able piece at the hour of the moon^s passing the meridiaa 
on the proposed day ; then observe the hour indicated bjr 
die moon on a horizontal sun-dial, and opposite to the 
same hour on the moveable piece, you will find, on the 
other, the true hour of the day. 

PBOBLEM XXXVI. 

To construct a dial to show the hour by the Moon. 

To employ a dial of this kind, it is necessary to know 
the mooti's age, which may be always found either by a 
common almanac, or by some of the methods we haiFe 
already pointed out, under the head astronomy. 

To describe a lunar dial on any plane whatever, such 
for example as a horizontal one, first trace out on it a Im» 
rizontal sun-dial for the given latitude, and draw the two 
lines 5 7, S 9 parallel to the equinoctial, pi. 18 fig. 37 ; thei 
first of which being assumed as the day of full inoon, the 
second will represent that of new moon, where the lunar 
hours correspond with the solar; and hence the 
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poKifii imrjifld on those two parallels, by lines proceeding 
iVdHi tbe centre of the dial a, are common to the sun and 
the moon. i - 

Then divide the space bounded by the two parallel 
lines 3 9, 5 7 into 12 equal parts ; and through the points 
of division draw as many parallel lines^ which will repre- 
sent those dajFS of the moon when she successively recedes 
an hour by her own motion towards the east» and on which 
sh^ <M>|isequently passes the meridian every day an hour 
hàetp The first parallel, 4, 10, being the day on which 
tbe* moon passes the meridian an hour later than the sun, 
the point B of 11 hours, by the moon, will be the point 
of noon or 1 2, according to the sun ; as the next 5, 1 1 
represents a day on which the moon passes the meridian 
S hours after the sun, the point c of 10 hours by the moon, 
will be the point of noon by the sun ; and so of the rest, 

'It'is now evident, that if the points 12, b, c, and all the 
others belonging to noon, which can be found by the 
same method, be joined by a curved line, this curve will 
be the lunar meridian. The other lunar hourJines may 
be easily traced out also by a similar process. 

Because ithe interval between the moon's conjunction 
with the sun and her opposition, that is, between the time 
of new and full moon, or that when she is diametrically 
opposite to the sun, so that she rises when the sun sets, is 
about 1 5 days, all the preceding parallels, except the two 
first 58, 39, must be efiaced ; and instead of dividing the 
interval intq 12 equal parts, it must be divided into 15; 
ia order that you may draw, through the points of divi« 
sion, other parallels, which will represent the days of the 
Bieon*s age ; and which therefore must be marked with 
die proper figures along the meridian line, as seen in the 
pfaite;,by which means the true hour of the night may be 
know», when the moon shines, in tbe following manner. 
. Initbe centre of the dial a, fix an axis or pin, so as to' 
iorm at that c«itre with the' Itne a IB an angle equal to the 
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elevation of the pole above the plane of the dial, which we 
suppose to be horizontal : this axis, by its shadow on the 
current day of the moon, will indicate the hoar as re- 
quired. 

PBOBLEM XXXVII. 

To describe the arcs of the signs on a sun-diaL 

Of the appendages added to sun-dials, the arcs of the * 
signs may be classed among the most agreeable ; for by 
their means we can know the sun's place in the different 
signs, and as we may say can follow his progress through 
the zodiac. We therefore thought it our duty not to omit, 
in this work, the method of describing them* 

For the sake of brevity, we shall suppose that the plane 
is horizontal. First describe a dial such as the position of 
the plane requires, that is, a horizontal one, and fix in it 
an upright style, terminated by a spherical button, or by 
a circular plate^ having in its centre a hole, of a line or two 
in diameter ; according to the size of the dial. Then pro- 
ceed as follows : 

Let it be required, for example, to trace out the arc 
corresponding to the commencement of scorpio or pisces.^ 
First find, by the table of the sun's altitude, at each hour 
of the day in the latitude of London, for which we suppose 
the dial to be constructed, the altitude when he enters 
these two signs. As this altitude is 26® 4S', make the tri* 
angle ste, pi. 19 fig. 38, in which st is the height of the 
çtyle, and such that the angle set shall be equal to 26* 45': 
the point £ will be the first point of the arc of these two 
signs. 

Then find, in the same table, the sun^s altitude at one 
in the afternoon of the same day, which will be found equal 
to 25"* 30'; and construct the triangle stf, in such a man-, 
ner that the angle f shall be 25^ 3(y ; then from the bottom 
of the style s, as a centre, with the radius sf, describe an 
arc of a circle, intersecting the lines of i and xi hours in 
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the two pointa o and h : these will he the points of the arc 
cif those signs on the lines of i and xi. 

If the same operation be repeated for all the other hours^ 
you will have as many points, through which if a curved 
j&ne be drawn, by means of a very flexible ruler, you will 
obtain the arc of the signs scorpio and pisces. 
• By employing the like construction, the arcs belonging 
(0 the other signs may be obtained. 

Another Method. 

r 

According to this method, the table of the sun's altitude 

at the different hours of the day is not requisite* A simple 

graphic operation is sufficient ; but as a figure called the 

triangle of the signs is employed, it is necessary that we 

.should first show how it is constructed. 

Draw the line âb, pi. 19 fig. 39, of an indefinite length; 
and from the point a, as a centre, with an}' radius ab, de- 
scribe an arc of a circle : make the arcs be and Breach equal 
to 11"* 30', which is the sun s declination at the commence- 
ment of taurus and virgo, scorpio and pisces, the two 
former northern, and the two latter southern ; and draw 
the lines as, Ae; the former of which will belong to the 
first two signs, and the latter to the other two. 

In like manner make bf and b/ equal to 2(f 12^, and 
draw AF, and a/*; the former of which will correspond to 
the signs gemini and leo, and the latter to Sagittarius and 
aquarius. 

Lastlyy if BG and Bg be made equal to 23* 28'; the line 
\AG will correspond to cancer, and Ag to Capricorn. 

We shall now suppose that it is required to describe the 
arcs of the signs on a horizontal dial : having fixed in the 
proper place, as above directed, an upright style st, fig. 
^9 and 40, draw the equinoctial and hour-lines ; and on 
•AB raise'a perpendicular ao, equal to tp the distance of 
^he summit of the style from the centre of the dial p. 

Now, if you are desirous of having marked on the me«> 



ridian tbe seven points of division of the arcs of the signs, 
make ac, fig. 39, equal to bt, tbe distance of tbe smnmk 
of tbe style from tbe equinoctial ; and draw tbe line dc, 
which will intersect the lines of tbe signs, in tbe points 6, 
4, 2, c, 1, S, 5 : if these points be transferred in the same 
order to tbe meridian, ^. 40, making r6 equal to c6. 
Il 4 to c 4, B 2 to c £, B 1 to c 1 , 8cc, you will have the 
points through wbicli tbe sun passes at noon, on the days 
when be enters into tbe different signs. 

Let it now be required to find the same points on one 
of the hour-lines, that for example of m and ix. From 
tbe bottom of the upright style s let fall on that hour-line 
PM a perpendicular sv, fig. 40, and continue it till it meets^ 
in the point n, tbe semicircle described on pm as a dia» 
meter: then make ah, fig. 39j equal to pn, and ai equal 
to PM; and draw hi through tbe triangle of tbe signs: 
this line will be intersected by tbe seven lines of the signs 
in seven points, which being transferred, in tbe same ordcMTy 
to tbe hour-line proposed, will determine those where it 
will be met b}'^ the shadow of tbe summit of tbe style, on 
tbe sun's entrance into each of tbe signs. 

If all tbe points, corresponding to tbe same sign on tbe 
hour-lines, be then joined, by making a curved line to pass 
through them, it will be tbe parallel of that sign. 

Of the different kinds of Hours. 

Every thing hitherto said has related only to the equi- 
noctial and equal hours ; such as those by which time is 
reckoned in England, the day being supposed to begin at 
midnight, and the hours being counted to tbe following 
midnight, to the number of 24, or twice twelve. This is 
the most comnfion method of computing the hours in 
Europe. Tbe astronomical hours are almost the same ; 
the only difference is, that tbe latter are counted, to the 
number of 24, from the noon of one day to the noon of 
the day following. 
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But there are some other kinds of hours, which it is pro« 
per we should here explain ; because they are sometimet 
traced out on sun-dials : such are the natural or Jewish 
hours, the Babylonian, the modern Italian, and those of 
Nuremberg. 

The natural or Jewish boui^ begin at sun-rise ; and ther6 
are reckoned to be 12 between that period and sun-sett 
hence it is evident that they are not of equal length, except 
on the day of the equinox : at every other time of the year 
, they are unequal. Those of the day^ in our hémisphère^ 
are longer from the vernal to the autumnal equinox : those 
of the night are, on the other hand, longer while the sun 
is passing through the other half of the zodiac. 

The Babylonian hours were of equal length, and bega* 
at sun-rise ; they were counted, to the number of 24, to 
sun-rise of the da}' following. 

The modern Italian hours, for the ancient Roman» 
counted nearly as we do from midnight to midnight, are 
reckoned to the number of 24, from sun-set to sun-«et of 
the day following ; so that on the days of the equinox noon: 
takes place at the 1 8th hour, and then, as the days lengtheHi 
the astronomical noon happens at 17) hours, then at 11 
hours, &c ; and vice versa. This singular and iâconvenient 
method has had its defenders, and that even amotig the 
French ; who have found that with a pencil, and a little 
astronomical calculation, one may fix the hour of dinner 
with very little embarrassment. 

However, as these hours are still used throughout almost 
t1i0 whole of Italy, we think it our duty to show here the 
method of describing them, by way of a Gnomonical. 
curiosity. 

PROBLEM XXXVIII. 

To trace out^ an a dial, the Italian hours. 

Describe first on the proposed plane, which we here 
fuppos^ to be a horizontal onç^ a cTommon horizontal dial. 
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bolirs, and so on ; marking only the pointe where th^ io^ 
tersect the tropic of Capricorn ; then, if the corresponding 
pointe of division, on the two tropics and the equinoctial, 
be joined by a curved Hne, the dial will be described, as 
seen plate 21 fig. 44. 

• if move exactness be required, it will be necessary to 
trace out two more parallels of the signs, viz, those of 
taurus and scorpio, and to find on each, by a similar pro- 
cess, the points corresponding to the natural hours : the 
natural hour-lines may then be made to pass through 5 
points, by which means they will be obtained with uauch 
more exactness. 

PROBLEM XL. 

To^nd tlie hour, by means of some of the cin'cumpolar stars» 

. The hour may be known by a star's passage by the me- 
ridian, or even by its altitude ; for by means of any £pbe> 
|&eri8,'and a short calculation, we can easily determinelioif 
much any star precedes or is behind the sun in eulminating» 
or coming to the meridian ; and when this is known, to- 
gether with its declination, the hour may be found by ub^ 
serving its altitude. But as this process would be tée 
complex for the generality of our readers, we shall eom 
fine ourselves to a solution of the above problem ; to fii* 
eilitate which, a small instrument, called the n6ctumal) 
has been invented. It is adapted for employing the most 
brilliant of the two last stars in the little bear, which are 
called its guards. The construction of it is as follows» 
Provide a circular piece of wood or metal, pL 20 fig. 49^ 
and having described on it a circle, divide its circumfisr* 
ence into B65 parts, corresponding to the days of the year; 
which must be afterwards distributed into months, accord^ 
ing to the number that each contains. 

To this circular piece apply another, moveable around 
the centre, and divide the circumference of it into 24 equal 
parte, denoting the 24 hours of the day. At each ef tbestt 
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clivisioos there must be a small notch on the edge, in order 
that these parts may be counted in the dark by the touch. 
One of these notches however must be longer than the 
rest, for a purpose which will be explained hereafter. 

Then affix to the edge of the lower piece a small handle; 
the middle of which ought to be in a line with the centre 
of the instrument, passing through the 7th of November ; 
because on that day the above star passes the meridian at 
the same time as the sun : that is, above the pole at noon, 
and below it at midnight. 

Lastly, adapt to the instrument an index, moveable 
around a pin in the centre ; and let a hole be pierced in 
the pin, in order to apply the eye to it. 

To use this instrument, first make the edge of the longest 
notch correspond with the day of the month : then apply 
your eye to the centre, and, turning towards the north, 
Jook at the pole star, holding the plane of the instrument 
in a direction as perpendicular as possible to the visual 
jray, and the handle of it in the vertical plane ; then move 
the index till the edge of it touches the above star, or the 
brightest of the guards of the little bear, and count the 
number of notches between the index and the longest 
notch : this number will be that of the hours elapsed after 
midnight. 

. The instrument might be easily adapted to any other 
star: nothing would be necessary but to make the small 
liandle of the instrument correspond with the day of the 
moQth when the star passes the upper meridian with the 
sun: in every thing else the construction would be the 
«Hne. 

We shall terminate this part of our work with a sort of 
gnomonical pleasantry. 

PROBLEM XLI. 

To tell the hour of the day hy means of the left hand. 
It may be eaûly conceived that there can be very little 
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precision in a method of this kind ; and therefore we attach 
no more value to it than it deserves. 

Extend the left hand in a horizontal position, so that the 
inside of it shall be turned towards the heavens: then tàkm 
a bit of straw or wood, and place it at right angles, at the 
joint, between the thumb and the fore-finger : it must be 
equal in length to the distance from that joint to the end 
of the fore finger, and iflust be held upright, as represented 
in the figure, pi. 20 fig. 43, at a: this piece of stick or 
straw supplies the place of a style. 

Turn the bottom of the thumb towards the sun, the 
hand being still extended, till the shadow of the mnsde 
which is below the thumb terminate at the line of liiie^ 
marked c. If the wrist or bottom of the hand be theo 
turned towards the sun, the fingers being kept equally et/m 
tended, the shadow of the bit of straw or stick will indi- 
cate the hour. When the shadow falls at the tip of the 
fore finger, it denotes 5 in the morning or seven in the 
evening; at the end of the middle finger, it denoteiB'6 itt 
the morning and evening ; at the end of the next finger, 
7 in the morning and 5 in the evening ; at the end of the 
little finger, 8 in the morning and 4 in the afternoon ; at 
the nearest joint of the little finger, 9 in the morning and 
S in the afternoon ; at the next joint of the little finger, 10 
in the morning and 2 in the afternoon ; at the root of the 
little finger, 1 1 in the morning and 1 in the aftemooA ; in 
the last place, when the shadow falb on that line of the 
hand marked d, which is called the table line, it will indi- 
cate 12 o'clock or noon. 

Some curious operations in regard to Gnomonics we 
have been obFiged here to omit ; as it would have been 
necessary to add the demonstrations. We however think 
it our duty to terminate this article with a list of the prio» 
cipal works on Gnomonics, which may be consulted by 
those who are desiroutf of farther information on tfaîi 
subject. 
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We shall not spealj: here of the Gnomonics of Claviiu, 
Vcause that mathemadcian seems to have studied the art 
cf rendering what is simple of itself exceedingly obscure. 
We shall even confine ourselves to French and English 
works, as our object is not to give a complete bibliography 
of the art. 

La Gnomonique of M. de la Hire, which appeared in 
16BS, in duodecimo, is worthy of attention ; though a cer- 
tain kind of obscurity generally prevails throughout the 
liForks of that mathematician ; it contains the solution of 
4 gfeat many problems relating to the astronomical part 
of dialling. 

O^Rinam's work on the same subject is clearer, and bet- 
ler adapted to the capacity of common readers; it still 
bold» a place among other works of the same kind, of a 
BBore modern date. The celebrated Picard did not think 
it beneath him to teach the method of constructing lai^ 
fon-dîal&by trigonometrical calculation. This treatise may 
be found in the 7th volume of the old Memoirs of the 
Academy. 

An academician of Montpellier^ published in the Me- 
moirs of die Royal Academy of Sciences, for thé year 
17(17, the analogies employed to determine the hour-angles 
fiir all dials, however situated ; together with the demoq- 
«trataons of them. 

' Afifci^ that period a great many treatises on gnomonics 
appeared in France ; such as La. Gfwmcmque de M. Jtivar^f 
Âris 1767, 8 vo. A clear and methodical work> which h^ 
gone through several editions : that of M. de Parcieux^ at 
the end of his Trigonometric RectUigne et Spheriqutj^ pub* 
fished at Paris in 1741, 4to; a work which ought to be 
studied by all those who wish to acquire a correct know- 
ledge of this part of the mathematics. The article on 
gnomonics in the 4th volume of WolPs Course of the 
Mathematics is exceedingly clear and concise. We can 
recommend also to those desirous of delineating sun-dials 
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with great exactness. La Gnomonique pratique , ou VAri it 
tracer les Cadrans solaires avec beaucoup de precision^ Sec, 
par Dom Bèdos de Celles; a work first printed in 1770, 
8vo, and afterwards in 1174 with a great many additicioi. 
The author employs chiefly trigonometrical calculatioiiy 
and enters into minute details respecting every thing that 
relates to practice ; for one may be perfectly well ac- 
quainted with the theory, and yet embarrassed in the a^ 
plication of it. Useful tables, calculated for the^wbcdê 
extent of France, will be found in Im Gnomonique ntiseà 
la portée de tout le monde, par Joseph-Blaise Garoier, Mai^ 
seilles, 1773, 8yo. In other respects, this work is of no 
great value. In regard to the Horlogiographie of Father 
de là Madelaine, though very common, we can say ikk 
thing farther than that it is fit only for country stom^ 
masons, who make it a part of their business to constmct 
8un«dials. 

We cannot here help taking notice of the ingeniooi 
manner in which the celebrated S^Gravesande, in his Esny 
on Perspective, printed at Leyden in 1711, considers die 
general problem of tracing out a sun-dial : he reduces it 
to a simple problem of perspective, which he solves ao 
cording to the principles of that branch of optics. Hiit 
part of his work is remarkable for its elegance, its pre- 
cision, and its universality. To the above list of works oa 
gnomonics, we shall add in English, Emerson* s DiaUingj 
published along with his Mathematical principles of Gei>* 
graphy ; also Martinis Principles of Dialling ; and, for 
those who wish to describe dials merely by the rule and 
compasses, Leadbettei^s Mechanic Diallings 
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APPENDIX. 

a general method of describing mnrdials what^ 
ever be the declination or inclination of the plane» 

When this part of our work was nearly printed ofF, it 
occcinred to us that our geometrical readers might perhaps 
find fault with us for omitting to give a geometrical me» 
tbod of describing inclining and declining dials. Finding 
that the matter destined for this volume would leave as 
sufficient room, we shall therefore here describe a very 
Ample and ingenious method for that purpose; as by 
means of a few calculations, the construction of any dial^ 
however complex be the inclination and declination of its 
plane, will be as easy as that of a common horizontal or 
vertical dial. 

This method is founded on a very ingenious <:onsidera- 
tion, viz> that any plane whatever is always a horizontal 
plane to some place of the earth ; for a plane being given, 
it is evident that there is some point of the earth the tan- 
gent or horizontal plane of which is parallel to it. It is 
evident also, that two such parallel planes will show the 
same hours at the same time. Thus, for example, if we 
suppose "at London a plane inclining and declining in 
«tich a manner, as to be parallel to the horizontal plane d[ 
Ispahan ; then a dial traced out on that plane, as if it were 
horizontal, will give the hours of Ispahan ; so that when 
the shadow falls on the substyle^ we may say that it is 
noon at Ispahan, &c. 

But as the hours of Ispalian are not those wanted at 
LrOndon, it is necessary that we should find out the means 
of delineating those of London, which will not be attended 
^ith much difficulty, when the difference of longitude be- 
tween these two cities is known. Let us suppose then that 
it is exactly 45 degrees, or 3 hours : when it is noon at 
London then^ it will be 3 in the afternoon at Ispahan ; and 
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when it is 11 in the forenoon at the former^ it will be 2 in 
the afternoon at the- latter, &c. Consequently, on this 
dial, which we suppose to be horizontal, if we assume the 
line of 3 o'clock as that of noon, and mark it 12; and if we 
assume the other hour-lines in the same proportion, we 
ih^l have at London the horizontal dial of Ispahan, wUch 
will indicate not the hours of Ispahan, but thôcfe df London, 
as required. 

. We iBatter ourselves that we have here explained the 
principle of this method in a manner sufficiently clé&r. Id 
make it plain to such of our readers as have a slight knolr- 
ledge of geometry or astronomy; but to render the appfi* 
cation of it more familiar, we shall illustrate it by ail 
example. 

Let us suppose then, at London, a plane forming with 
the horizon an angle of 12 degrees, and declining towards 
the west 22} degrees. 

The first operation here is, to find the longitude and 
ktitude of that place of the earth where the horizontal 
plane is parallel to the given plane. 

For this purpose, let us conceive an azimuth ai per- 
pendicular to the given plane, pi. 22 fig. 45, and in this 
azimuth, which we suppose to be traced out on the sur- 
face of the earth, let us assume on that side which is to- 
wards the upper part of the plane, an arc ah, equal to the 
inclination of that plane to the horizon : the extremity of 
this arc, that is the point h, will be that point of the earth 
where the horizon is parallel to the given plane. This b 
so easy to be comprehended that it requires no demonstra- 
tion. Let us next conceive a meridian ph, drawn from 
the pole p to the point h : it is evident that this will be 
the meridian of the given plane ; and that the angle aph, 
formed by this meridian and that of London, will give the 
difference of longitude of the two places. We must there- 
fore determine this triangle, and to find it we have diree 
things given, viz, 1st, ap the complement of the latitude 
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of Loiidoa, which is 38* 29'; 2d, ah the distance of Lon- 
don from the place, the horizontal plane of which is 
parallel to the given plane, and which is 12^; 3d, the 
angle pah^ comprehended between these two sides, which 
is equa) to the right angle hal plus pal, or that which the 
plane fonns with the meridian. 

By resolving this spherical triangle, it will be found, 
that the angle at the pole aph, or that formed by the two 
fneddians, is 5^ 59';. which is the difference of longitude 
between the two places a and h« 

The latitude of the place h will be found also by the 
solution of the same triangle ; for it is measured by the 
complement of the arc fh, of the triangle pah : according 
to calculation it is 40* 15'*. 

, Thu3, a plane inclining 12* at London, and declining to 
the west 22 J degrees, is parallel to the horizontal plane of 
9 place which has 5° 59' of longitude west from London, 
and 40* 15' of latitude. The latter also is the angle which 
t;he style oyght to form with the substyle j for the angle 
which the axis of the çarth forms with the horizontal plane 
19 always equal to the latitude. 

It is here evident, that when it is noon at the place h, it 
will be 23" ôS"" after noon at the. place a; for 5^59' in 
longitude correspond to 23°^ 56^ in time. Consequently, 
at the place a, when the shadow of the style falls on the 

* Trigonometrical calculation may be avoided by meant of a fpnaphic 
operation exceedingly simple, and which is a consequence of that taught i|i 
Prob. zzri. In a circle of a convenient size, ]pL 22 fig. 46, assume an ace 
pa equal to pa, fig. 45; make ah equal to ah ; and from the point h let fail 
a perpendicular Jd, on the radius ca. On At describe a quadrant, or make 
kk equal to the arc which measures the declination of th$ plane, or equal to 
the supplement of the angle pah ; draw kl perpendicular to At, and fron^ the 
point /, draw Im perpendicular to the radius cp, and let Im be continued till 
it meet the circle in ft: the arc pn will be equal to ph; and if an are of a 
circle be described on mo, and if /« be drawn perpeudieular from the point 
( to ag to meet this arc in «, the àdgle «ttU will be equal to the required 
JMIgift w of the triangle afh. 



29S DIALLING. 

substyle, which is the meridian of the plane, it will be 23* 
56' after twelve at noon. To find therefore the hour of 
noon, it will be necessary to draw, on the west side of the 
substyle, an hour-line corresponding to 11^ 36^ 4", or 11^ 
36"^. By the like reasoning, it will be found that 11 ia 
the morning, at the place a, will correspond to 10^ 36*", at 
the place h, &c. In the same manner^ 1 in the afternoon, 
at the place a, will correspond to 12^ 36°^, or 36"* aftttf 
twelve, at the place h : 2 o'clock will correspond to 1^ 36"; 
3 o'clock to 2^ 36", and so of the rest. 

Thus, if we suppose the substyle of the plane, on which 
the dial ought to be described, to be the meridian, it will 
be necessary to describe a dial which shall indicate, in the 
forenoon, 11** 36"*; lO** 36°^; 9** 36°*; 8*" 36"; &c; and in 
the afternoon 12** 36™; I*' 36"; 2*> 36"»; 3^ 36"; 4*» 36*5 
&c. 

When these calculations have been made, the dial may 
be easily constructed. For this purpose, first find, by 
prob. 3, the substyie, which is the meridian of the plane. 
We shall suppose that it is pe, fig. 47, and that p is the 
centre of the dial. Having assumed pb of a convenient 
length, draw, through the point b, the line abc, perpen^ 
dicular to pe: if a be the western side, the line vd^ which 
corresponds to 11 hours 36 minutes, or which is distant 
from the meridian 24 minutes in time, may be found by 
making use of the following analogy: 
As radius. 

Is to the cosine of the latitude, which is 40^ 15'; 
So is the tangent of the hour-angle corresponding to 24"* 

in time, or the tangent of 6^, 
To a fourth term, which will be the tangent of the angle 

By this analogy, it will be found equal to 80 parts of 
which PD contains 1000: if 80 of these parts therefore^ 
taken from a scale, be set off from b towards d, and if pif 
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be tbeD drawn, we shall have the hour-line of 11 hours 38 
minutes, for the plane of the dial, or of the place h. 

The line p^, of 10 hour» 36 minutes, will be found in - 
like manner, by this analogy : 
As radius. 

Is to the cosine of 40^ 15'; 
So is the tangent of the hour-angle corresponding to 10^ 

36*^, or the tangent of 21®, to the tangent of the angle 

BP^. 

This tangent will be found equal to 293 of the above 
parts : if this number of parts therefore, taken from the 
same scale, be laid off from b to e, we shall have the hour- 
line Pf, corresponding to 10 hours 36 minutes. 

The lines of the other hours before noon may be found 
in the like manner: the two first terms of the analogy are 
the same, and the third is always the tangent of an angle 
successively increased by 15^: these tangents therefore 
-will be those of 6*, 21*, 36^ 51% ee"", the logarithms of 
which must be added to the cosine of 40^ 15^; and if the 
logarithm of radius be subtracted, the remainders will be 
the logarithms of the tangents of the hour-lines: these 
tangents themselves will be for b</, b^, 8cc, 80, 293, 554, 
^42/ 1732, 4814, &c, in parts of which the radius or pd 
contains 1000. 

A similar operation must be performed for the hours in 
the afternoon. As 36°* in time correspond to 9°, the first 
hour-angle will be 9°; the second, by adding 15°, will be 
«4*; the third 39% the fourth 54**; &c. The following 
proportions then must be employed : 
As radius^ 

Is to the cosine of ¥f 15^; 
So is the tangent of 9**, or 24% or 39*, &c« 
To a fourth term, 
Which will be the tangent of the angle bp/, or BPm, or 

Bpn, &c. 

Hence, if the logarithm of the sine of 49** 45' be sue- 
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cessively added to the logarithmic tangent, of 9®, 24% 39% 
54^, &Cy and if radius be subtracted from the diflerent 
sums^ we shall have the logarithms of the tangents of the 
angles which the hour-lines p/, pm, pti, eue, form with 
the substyle; and these tangents themselves will re- 
spectively be 121, 3S9, 618, 1050, 1988, 7268, parts, of 
which PB contains 1000. If these numbers therefore, 
taken from the same scale as before, by means of a pair of 
compasses, be set off from b to /, from b to m, from b to ti, 
&c, and if the lines p/, pm, pn, po, &c, be then drawn, 
the dial will be nearly completed ; as nothing will be 
necessary but to mark the point d with xii, because pd is 
the meridian of the place a ; and to mark the other hour- 
points with the numbers which belong to them, as seen in 
the figure. 

To avoid the trouble of tracing out more hour-lines 
than are necessary, it will be proper first to determine at 
what hour the sun rises and sets on the given plane, at the 
time of the longest day ; which may be easily done by 
means of the following consideration. 

It may be readily seen that if we suppose two parallel 
planes, in two different places of the earth, the sun will 
begin to illuminate both of them at the same moment; and 
that he will also set to both at the same time. The plane 
of the dial in question, being parallel to the horizontal 
plane of a place which has 40'' 15' of north latitude, nothing 
is necessary but to know at what hour the sun will nse in 
regard to that plane on the longest day. But it will be 
found, that in the latitude of 40** 15' the longest day is 15 
hours 24 minutes, or that the sun rises on that day 1 hours 
42 minutes before noon, and sets at 42 minutes past 1 in 
the evening. It will be sufficient then, on the dial in 
question, to make the first hour-line in the morning that of 
4 hours 15 minutes, and the last in the evening 7 hours 
30 minutes. 
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Containing some of the most Curious Problems in Nam- 

gaiion. 

Navigation may be classed among those arts which 
do the greatest honour to the human invention ; for in no 
department of science is the ingenuity of man displayed 
to more advantage than in this art, by which he conducts 
himself through the wide expanse of the ocean, without 
any other guide than the heavenly bodies and a compass ; 
by which he subdues the winds, and even employs them 
to enable him to brave the fury of the ocean, which they 
excite against him ; in short, an art which connects in so- 
cial intercourse the two worlds ; forms the principal source 
of the industry, commerce, and opulence of nations. 
Hence one of our poets very justly says. 

Le trident de Neptune est le sceptre da monde. 

But, this is not a proper place for entering into a disser- 
tation on the utility of navigation. As mathematicians 
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therefore, we shall only observe, that navigation may be 
considered under two points of view. Accprding to the 
first, it is a science which depends on astronomy and geo- 
graphy: considered in this manner it is called piloting, 
which is the art of determining the course that ought to 
be pursued in order to go from one place to another, and 
of knowing at all times that point of the earth at which a 
ship has arrived. According to the other, it is an art 
founded on mechanics and the moving powers of the ves- 
sel : considered under this point of view, it is called ma- 
nœuvring, and teaches how to give to that ponderous mass, 
which cleaves the billows, the necessary direction by means 
of the sails and the rudder. 

We shall here present the reader with every thing most 
curious in both these parts of navigation, 

PROBLEM I. 

Of the curve which a vessel describes an the surface of the 
seUf when she sails on the same point of the compass. 

When a ship is about to set sail, it is necessary to find 
out the proper course ; that is, to determine the direction 
in which she ought to proceed, in order to arrive, in the 
shortest time and with the greatest safety, at the place of 
her destination. When this direction, or the angle it forms 
with the meridian, has been determined, it is always pur- 
sued, unless particular circumstances prevent it. A vessel 
by thus steering for several days, on the same point of the 
compass, describes a line which always forms the same angle 
with the meridians : this is what is called the loxodromic 
line, or oblique course ; and there hence results on the 
surface of the earth a peculiar curve, the nature and pro- 
perties of which have excited the attention of mathemati- 
cians. On these properties the practical rules of naviga- 
tion have been founded ; and, as they are very remarkable, 
they deserve to be explained. 
We presume that the reader is acquainted with the na- 
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ture of the compass, the different points, &c ; and with 
the elements of navigation ; for it is impossible that we 
should here enter into details merely elementary. 

Let us suppose that the sector acb, pi. 1 fig. 1, repre- 
sents a portion of the spherical surface of the earth» of 
which c is the pole, and ab the equator; or only the arc 
of a parallel comprehended between two meridians, as AG 
and BC ; and that cd, ce, and cp, represent so many me- 
ridional arcs, very near to each other. 

Let a vessel depart from the point a of tbç arc ab, the 
meridian of which is ac ; and proceed on a course forming 
with that meridian the angle cah, less than a right angle, 
for example an angle of 60 degrees i the vessel will de- 
scribe the line ah, by which means she will always change 
her meridian. When she arrives at h, under the meridian 
CD, let her continue in the same course, making with the 
meridian the angle chi, equal to the former ; and so on, 
describing the lines ah, hi, ik, 8cc, always making the 
tame angle (60^) with the meridians cA, ch, ci, ck, 8cc. 
As her course is continually inclined to the meridian at an 
angle of 60 degrees, it may be readily seen that the line 
AHiK, will not be the arc of a great circle on the surface 
of the sphere ; for it is demonstrated in spherics, that if 
AHK were a circle of this kind, the angle cm would be 
greater than cAH, and ciK greater than chi, and so on. 
The case would be the same if the curve ahik were an 
arc of a lesser circle of the sphere ; hence there is reason 
to conclude, that the curve described by a ship, when she 
always proceeds on the same course, is a peculiar curve, 
which constantly approaches the pole; 

Remabks. — ^I. It is here evident, that when the loxo- 
dromic angle vanishes ; that is, when the vessel steers di« 
rectly north or south, the loxodromic line is an arc of the 
pieridian. 

But, if the angle be a right angle, and if the vessel be 
under the equator, she will describe an arc of the equator. 
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Id the last place, if out of the equator^ she will describe s 
parallel. 

II. If the loxodromic line akl, be divided into several 
parts, so small that they may be considered as str^ght 
lines, and if as many parallels or circles of latitnde be 
made to pass through the points of division h, i, k, 8cc, 
all these circles will be equal and equally distant from 
each other; so that, by making meridional arcs to pass 
through the same points of division, the portions of these 
meridians, such as dh, mi, nk, &c, will be equal, as well 
as the corresponding arcs ad, hm, in, &c. This equality 
however will not be in degrees, but in miles, as may be 
easily demonstrated; for the triangles adh, hmi, ini^ 
&c, are evidently similar, because the hypothenuses, ah, 
HI, IK, Sec, being equal in length, the other sides will be 
respectively equal also* On the other hand, it is evident 
that if AD, which is part of a great circle, be equal m 
length, or in miles, to h m, which is part of a lesser circle^ 
Ijhe latter must contain a greater number of minutes or de^ 
grees than the former. 

IIL When ^ very small portion of the loxodromic line, 
such as AH, has been passed over, always pursuing the 
same course, on the vessel's arrival at h, if the difference 
of latitude, or the arc dh, be determined by observation, 
it will be easy to find the di&tance sailed ah ^ since bh is 
to ah, as the sine of the angle had, which is known, is to 
radius. If the angle cah, for example, be 60 degrees, 
and consequently had 30 degrees ; and if dh be equal to 
half a degree, or 30 nautical miles, the distance ah will be 
60 nautical miles ; for the sine of 30 degnees is exactly 
equal to half the radius* 

IV. If the course and distance sailed be known, the dif» 
ference of latitude may be found in like manner. 

V. The loxodromic angle cah, or had, being known, 
as well as the difference of latitude dh, the value of the 
arc AD may be found ; for dh is to aix as the sine o£ the 
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angle had is to its cosine. But when the length of the 
arc of a parallel, or the number of miles it contains, is 
known, the degrees and minutes it contains may be deter- 
mined also. In this manner, the difference of longitude 
produced by the vessel's change of position, while passing 
over the small loxodromic arc ah, is obtained; and if the 
same operation be performed in regard to all the -other 
small arcs hm, in, &c, we shall have the whole difference 
of longftude, produced by the vessel's passing over any 
loxodromic arc/AK. The difficulty of this operation arises 
from these arcs being dissimilar, though equal in length» 
But geometricians have found means to avoid these calcu- 
lations, by ingenious tables or other operations, the ex^ 
plaiiation of which does not fall within the plan of this 
work. 

VK This curved line has one property which is very 
angular, that it always approaches the pple without ever 
reaching it. This evidently follows from'iJI&e nature of it ; 
for if we suppose it to arrive at the pole, it will intersect 
all the meridians in that point; consequently, since it 
cuts each meridian under the same angle, it will cut them 
all at the pole under the same inclination, which is absurd; 
since they are all inclined in that point to each other. It 
will therefore approach the pole more and more, making 
an infinite number of circumvolutions around it, but with- 
out ever reaching it. Hence, according to mathematical 
rigour, a ship which continually pursues the same course, 
the cardinal points excepted, will always approach the 
pole, without ever arriving at it. 

YII. Though the loxodromic line, when it forms an 
acute angle with the meridians, must make an infinite 
immber of circumvolutions around the pole before it 
reaches it, its length is however finite ; for it can be de- 
monstrated, that the length of a loxodromic line, such as 
AXL, is to the length of the arc of the meridian that indi- 
cates the difference of latitude, as radius to the cosine, or 
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sine complement, of the angle which the loxodromic line 
forms with the meridian ; consequently the differoDce jof 
latitude is to the loxodromic distance sailed, as the cosine 
of the above angle is to radius. 

The above remark is principally intended for geome- 
tricians; and exhibits a kind of paradox which most 
astonish those to whom truths of this kind are not familiar: 
those, however, who comprehend the preceding demon- 
strations, can entertain no doubt of it. But, for the sake 
of farther illustration, let us suppose à loxodromic line 
inclined to the meridian at an angle of 60 degrees, with 
its infinite circumvolutions around the pole i if we employ 
the following proportion. As the cosine of 60 degrees, or 
the sine of 30°, is to radius; so is 90 degrees difference of 
latitude to a fourth term, this fourth term will be the abso- 
lute length of the loxodromic line* But the sine of 30 
degrees is equal to half the radius ; and. hence it follows 
that the fourth part of the circle is the half of the above 
loxodromic line; or this line, notwithstanding the infinite 
number of its circumvolutions, is exactly equal to a semi- 
circle of the sphere. 

PROBLEM II. 

How a Vessel may sail against the Wind. 

What is here proposed, will no doubt seem a paradox 
to those unacquainted with the principles of mechanics. 
Nothing however is more common in navigation, as this is 
always done when a vessel, according to the nautical term, 
is beating up on different tacks, or keeping as near to the 
wind as possible. But when we say a vessel can sail against 
the wind, we do not mean that she can proceed on a course 
directly opposite to the point from which the wind blows; 
it is only by making an acute angle with the rhumb line 
passing through that point, which is sufficient; for by 
several tacks she can then advance in a direction contrary 
to that of the wind. 
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Let us suppose a vessel, pi. 1 fig. 2, the keel of which is 
49» and let one of the sails cd be set in such a manner, as 
to form with the keel an angle bed of 40 degrees: if the 
direction of the wind be bf, making with the same keel an 
angle of 60 degrees, for example, it is evident that the 
angle dbf will be 20 degrees; consequently the sail will 
be impelled by a wind falling on it at an angle of 20 
degrees. But according to the principles of mechanics, 
the action of a power falling obliquely on any surface, is 
IBxercised in a direction perpendicular to that syrface, and 
tiberefore if eg be drawn perpendicular to cd, the line bo 
will be the direction according to which the effort of the 
.iirind is exercised on the sail cd, but with a diminished 
force on account of the obliquity of the stroke. 

If the vessel were round, it would proceed in that di« 
section ; but as, in consequence of its length, it can move^ 
with much greater facility in the direction of its keel eh, 
than according to any other, it will assume a direction ek, 
•OBoewhere between eg and eh, but much nearer to the 
latter dian to the former, almost in the ratio of its facility 
to move according to eh and eg. The angle kef there- 
fore, which the ship's course forms with the direction of • 
the wind, may be an acute angle. If the angle keh, for 
example, be 10 degrees, the angle kef will be 70} degrees, 
consequently the vessel will lie almost two points nearer 
to the wind. But it is shown by experience, that a vessel 
jnay be made to go on a course still nearer to the direction 
of the wind, or to lie closer to it by about one point more^ 
for if the vessel be well constructed, there are 22, of the 
S2 points comprehended in the compass, which may serve 
-to make her proceed to the same place. 

It is indeed true, that the nearer a ship lies to the wind, 
or to speak in common terms, the sharper the angle of the 
wind's incidence on the sail, the less will be its force to 
push the vessel forwards ; but this is compensated by the 
quantity of sail that may be set, for in this case none of 
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the sails hurt each other, and a vessel can absolutely carry 
all her sails. What therefore is lost in consequence of tbfl 
weakness of the force exerted on each, is gained by the 
quantity of surface exposed to the wind. 

It may be easily conceived how advantageous this 
property of vessels is to navigation; for whatever be the , 
wind, it may be employed to convey a ship to any deter- 
minate place, even if it sliould blow directly from that 
quarter. For let us suppose, pi. 1 fig. 3, that tlie direct 
course is from e to f, and that the wind blows in the di- 
rection FS ; the vessel must be kept as near the wind as 
possible, to describe the line eg, making with ef the acute 
angle FEO; having proceeded some time in the direction 
EO, the vessel must then tack about, to run down gh; 
then HI ; then tE ; and so on ; by which means she will 
llways approach nearer to the place of her destination. 

PROBLEM III. 

Of the force of Ike Rudder, and Che timnner in which it acts. 

The force, by which the rudder of a ship makes her 
move in any direction, at pleasure, excites no small degree 
of astonishment; especially when we consider the weak 
action of the enormous rudders with which some of the 
barges that navigate our rivers and canals are furnished. 
The cause of this phenomenon we shall here endeavour to 
explain and illustrate. 

The rudder of a barge or vessel has no action unless 
impelled by the w.iter. It is the force resulting from this 
impulse, which being applied in a direction transversal to 
the poop, tends to make the vessel turn around a point of 
its mass, called the spontaneous centre of rotation. The 
prow of the vessel describes around this point an arc of a 
circle, in a direction opposite to that described by the 
poop-, hence it follows that the prow of the vessel turns 
towards that side to which the rudder is turned, con- 
Bequentiy opposite to that side towards which the tiUer 
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0r lever of the rudder is moved. Hence, when the tiller 
h moved to the starboard side, the vessel tarns towards 
the krboard, and vice versa. 

A force, and even a ceitein degree of intensity, most 
therefore be applied to the rudder to make the vessel tutu; 
BBd on this account the construction of the vessel is so 
contrived, as to increase this force as much as poadble; 
for while the barges which navigate our rivers are in gene* 
Hi very broad behind, and screen as we may^«ay the 
rudder, so that the water flowing along their sides can 
scarcely touch it, the sterns of viessels intended for 0ea are 
made narrow and slender, so tliat the water flowing along 
tlidir sides must necessarily strike against Û» rudder, if in 
the least moved from the direction of the keel. Let ns 
thiarefore endearoor to estimate nearly the force which 
tfesalts from this impulse. 

A vessel of goo tons, when fully laden, draws Id or 14 
feet of water, and its rudder is about 2 feet in breadth. 
Let us now suppose that the vessel moves with the velocity 
of 2 leagues per hour, which makes 176 yards per minute, 
or about 9 feet per second ; if the rodder be turned in 
such a manner as to make with the keel continued an 
angle of SO degrees, the water flowing along the sides of 
the vetoel will impel the rudder under the same angle, that 
is 80 degrees. The part of the rudder under water being 
14 feet in length and 2 in breadth, presents a surface of 28 
square feet, impelled at an angle of 30 degrees, by a body 
of water flowing with the velocity of 9 feet per second. 
But the action of such a current, if it impelled a similar 
surface in a perpendicular direction^ would be 2205 pounds, 
which must be reduced in (he ratio of the square of the 
sine of incidence to that of radius, or in the ratio ^ to 1, 
since the sine of 30 degrees is }, radius being 1, The 
efibrt therefore of the water will be 551 pounds. Such is 
the force exercised perpendicularly on the rudder ; and to 
find the quantity of thb fotce that acts in,a direction per* 

x2 
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pendicular to the keel, and which makes the vessel turn, 
nothing is necessary but to multiply the preceding efibrt 
by the cosine of the angle of inclination of the rudder to 
the keel^ which in this case is ^^ or 0*8669 which will give 
477 pounds. 

The above computation is made on the old suppositioDp 
that the force of the water is diminished in proportion as 
the square of the sine of the incident angle is less tbtfn the 
square of the radius. But, by more accurate experiments 
it 4S found (Dr. Hutton's Math, and Philos. Dictionary, 
Tab. S, Resistance), that at an angle of 30 degrees, the ab- 
solute force is diminished only in the ratio of 840 to 278 ; 
hence then, the whole force 2205 pounds, reduced in this 
ratio, comes out 730 pounds, for die effective or perpen- 
dicular force on the rudder, to turn it or indeed the ship 
about, supposing the rudder held or fixed firm in that 
position. 

But there is one cause which renders this efibrt mote 
c<msiderable : the water which flows along the sides of the 
vessel does not move in a direction parallel to the keel, but 
nearly parallel to the sides themselves, which terminate in 
a sort of angle at the stern-post, or piece of timber which 
supports the hinges of the rudder ; so that this water bean 
more directly on the rudder by an angle of about SO de- 
grees : hence, in the above case, the angle under which the 
water impels the rudder will be nearly 60 degrees: we 
must therefore make this proportion, as the square of radios 
is to the square of the sine of 60 degrees, or as 1 is to |; 
so is 2205 to 1653. The force therefore which acts in a 
direction perpendicular to the keel, is 1653 pounds. Or, 
by the table in the dictionary above quoted, as 840 is to 
729 (for 60>), so is 2205 to 1913 pounds, the perpendicular 
force. 

This effort will no doubt appear very inconsiderable 
when compared with the effect it produces, which is to 
turn a mass of 900 tons ; but it must be observed that this 
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effort is applied at a very great distance from the point of 
rotation and from the vessel's centre of gravity; for this 
centre is a little beyond the middle of the vessel towards 
the prow, as the anterior part swells out^ while the posterior 
tapers towards the lower works in order that the action 
of the rudder may not be interrupted. On the other 
hand, it can be shown that what is called the spontaneous 
centre of rotation, the point round which the vessel turns, 
is also a little beyond the middle and towards the prow; 
hence it follows, that the effort applied at the extremity 
of the keel, towards the stern, acts to move the vessel's 
centre of gravity, by an arm of a lever 12 or 15 times as 
long as that by which this centre of gravity, where the 
weight of the vessel is supposed to be united, exerts its 
action. And lastly, there is no comparison between the 
action exercised by this weight when floating in water, 
and that which it would exert if it were required to raise 
it only one line. It needs therefore excite no surprise, 
that the weight of one ton, applied with this advantage, 
should make the vessel's centre of gravity revolve around 
its centre of rotation. 

If the ship, instead of going at the rate of 2 leagues per 
hour, sails at the rate of 3, the force applied to the rudder 
will be to that applied in the former case, in the ratio of 
p to 4 ; consequently, if the position of the rudder be as 
above supposed, the actual force will be S719 pounds, or 
rather 4304 pounds : if the velocity of the vessel were 4 
leagues per hour, this force in the same position of the 
Itidder, would be 4 times as much as at first, or 6613 
pounds, or rather 7652 pounds. 

Hence it is evident why a vessel, when moving with 
rapidity, is more sensible to the action of the helm; for 
wheo the velocity is double, the action is quadrupled: this 
action then follows the square or duplicate ratio of tb<i 
velocity. 
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PROBLEM IV. 

* What angk ought the rudder to make in order to ham the 

vessel with the greatest force f 

If the water moves in a direction parallel to the keel 
when it impels the rudder, it will be found that this angle 
ought to be 54 degrees 44 minutes ; but, as already ob» 
served, the water is carried along in an angular manner 
towards the direction of the keel continued ; which renders 
the problem more difficult. If we suppose this angle to 
be 15 degrees, which Bouguer considers as near the truth, 
it will be found that the angle in question ought to be 46 
degrees 40 minutes. 

Ships do not receive the whole benefit of this force ; for 
the length of the tiller does not permit the hehn to form 
with the keel an angle of more than 30 degrees. 

PROBLEM V. 

Can a vessel acquire a velocity equal to, or greater than that 

of the windf 

This can never take place in a direct course, or when 
the slup sails before the wind ; for besides that in this case 
a part of the sails hurt or intercept the rest, it is evident 
that if the vessel should by any means acquire a velocity 
equal to that of the wind, it would no longer receive from 
it any impluse ; its velocity then would begin to slacken 
in consequence of the resistance of the water, until the wind 
should make an impression on the sails equal to that resist- 
ance, and then the vessel would continue to move in a 
uniform manner, without any acceleration, with a velocity 
less than that of the wind. 

But, when the course of the vessel is in a direction 
oblique to that of the wind, this is not the case. Whatever 
may be its velocity, the sail is then continually receiving 
an impulse from the wind, which still approaches more to 
equality^ as the course approaches a direction perpen- 
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dieular to that of the wind : therefore» however fast the 
vessel advances, it may continaally receive from the wind 
a new impulse to motion, capable of increasing its velocity 
to a degree superior to that even of the wind itself» 

But for this purpose it is necessary that the construction 
of the vessel should be of such a nature, that, with the 
same quantity of sail, it can assume a velocity equal t6>^ 
or 1^ that of the wind. This is not impossible, if all the 
canvas which a vessel can spread to the wind, in an oblique 
course, were exposed in one sail in a direct course. This 
then being supposed, Bouguer shows, that if the sails be 
set in such a manner, as to make with the keel an angle of 
about 15 degrees, and if they receive the wind in a perpeD- 
dicuIar direction, the vessel will continually acquire a new 
lux^eleration, in the direction of the keel, until her velocity 
be superior to that of the wind, and that in the ratio of 
about 4 to 3. 

It is indeed true, that, as the masts of vessels are placed 
at present, it is not posnble that the yards can form with 
the keel an angle less than 40 degrees ; but some navigators 
assert, that by means of a small change this angle might 
be reduced to 30 degrees. In this case, and supposing 
that the vessel could acquire in the direct line a velocity 
equal to |> that of the wind, the velocity which it would 
acquire by receiving the wind on the saik at right angles^ 
Aught extend to 1*084 that of the wind, which is a little 
more than unity, and therefore somewhat more than the 
vdoci^ of the wind. 

If we suppose the same velocity possible in the direct 
course, and that the sul forms with the keel an angle of 
40 durées, it will be found that the velocity acquired by 
the vessel in an oblique course, will be nearly f} tte 
velocity of the wind. 

This at least will be the case, if in this position of the 
saals^ in regard to the wind, they do not hurt as obstruct 
each other. If all these drcumstances therefore be com* 
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bined, it appears that though it is possible^ speaking mathe- 
matically, that a vessel can move with the same veloci^ 
as the wind, or even with a greater, it will be very diCBcuk 
to produce this effect in practice. 

PROBLEM VI. 

Gioen the direction of the wind^ and the course which a vessel 
must pursue in order to reach a proposed place; what 
position of the sails will be viost advtmtageous for thai 
purpose? 

Let us suppose that the wind blows from the north, and 
that the ship's course is due east. If the ship, when her 
head is directed to that point, has her yards parallel to the 
keel, her progress will be = 0; as she will receive no 
impulse but in a direction perpendicular to the keel. On 
the other hand, if the yards be perpendicular to the keel, 
as the sails will not catch the wind, the vessel in this case 
again will not move. Thus, from the first position to the 
latter, the impulse in the direction of the keel, and conse- 
quently the velocity, goes on first increasing, and then 
decreasing. There is some position therefore at which this 
impulse is strongest, or what is called a maximum^ and 
which will make the vessel move with the greatest velocity. 
The question is to determine it. 

Geometricians have solved the problem, and have found, 
that to determine this angle, that between the wind and 
the proposed course must be divided in such a manner, 
that the tangent of the apparent angle, which the wind 
forms with the yard, shall be double to that which the yard 
forms with the course, or with the keel. In this case 
therefore, the sail at first must be placed in such a situa» 
tion, as to make with the keel an angle of S5 degrees 16 
minutes, and consequently with the wind an angle of 54 
degrees 44 minutes. 

We say the sail at first must be set in this manner ; for 
as soon as the vessel has acquired a greater velocity, this 
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angle Will cease to be the most favourable, and will become 
less so, the more the velocity is accelerated, as must be 
the case, till the impulse of the wind be in equilibrio with 
the resistance which the vessel suffers from the water; but 
in proportion as the velocity is accelerated, the wind strikes 
the sail more obliquely, and loses its force : for this reason, 
the sail must be disposed in such a manner, as to form with 
the 'keel an angle always more acute, and this angle may 
be reduced to SO degrees and less; so that the wind shall 
make with the sail an angle of 60 degrees and more. 

We have here considered the question independently of 
lee^way; but if this be taken into account, supposing it 
for example in the present case to be one point, it will be 
necessary to make the vessel's head He a point nearer to 
the wind : the angle then which the wind forms with the 
course will be from 78 to 79 degrees ; and it will be found 
that on the outset, the angle formed by the wind atid the 
'sail ought to be 48"^ 45'; and that of the yard with the keel 
'2S^ 4f&\ which must gradually be reduced to 24 or 2^ de- 
grees. By then steering wnw^: w, the vessel wffl Veally 
proceed East with the greatest velocity possible, or nearly 
80; and as in the neighbourhood of those points whicb 
give a maximum, the progressive increase is insensible, 
this greatest velocity will always be nearly obtained, even 
when the above angles are not very exact. 

PROBLEM VII. 

» 

Jh whai manner must a vessel at sea be directed^ so as to 
-■ proceed from any given place to another by the shortest 

' course pomblef 

' A^ the loxodromic line, which navigator^ générât^ 
folloi^r' at sea, is not the shortest way from one [Aecl'^b 
anotlièîr, it is natural to ask whether there be not some 
means by which the shortest course can be pursued ; for it 
is evident, cateris paribus, that the way being shorter, the 
voyage would be sdàhèr ended* 
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As this is no doubt possible, we shall first show how it 
may be done, and then examine with what advantage it is 
attended. 

r 

Every one knows that the shortest way from one place 
to another» on the surface of the earth, is the arc of a great 
circle drawn from the one to the other. Nothing then is 
necessary but to keep the vessel continually on the arc of 
a great circle, or at least to deviate very little from it» 

Let us suppose then, that a vessel is bound from London to 
the island of Trinidad. It will be found by trigonometrical 
calculation, that the arc ofa great circle drawn from Lon- 
don to Trinidad, makes at London with the meridian^ an 
angle of 69'' 44', and at Trinidad of 3T SO' ; while that of 
the loxodromic line with the meridian is at London 50* ¥/• 
The angle formed by the course with the meridian, at the 
time of departure, ought therefore to be 69* 44^ 

But to keep the vessel in this great circlei it will be 
necessary to change the angle every day^ and strictly 
speaking every hour and every moment, otherwise the 
vessel will describe small loxodromic lines, and not the 
arc of a great circle. The following method, which, if 
not perfectly exact, approaches very near the truth, may 
be employed to elBTect this change. 

As the angle at Trinidad is SV 30% it may be easily seen, 
that from the time of the vessel's departure, till that of her 
arrival at the place of destination, the angle of the course 
must be gradually diminished, from 69^ 44' to 37* d(/« 
Let us divide the difference, which is S2^ 14', into 10 equal 
portions, which will each be S"* 13'. Every time then that 
the difference of longitude is one tenth of the whole^ or 
about 5^ 37', that is when the vessel has made about 111 
leagues of departure towards the west, it will be necessary 
to keep 3*^ 13' more to the south. By these means the 
vessel will be kept nearly on the arc of a great cirde» 
passing through London and Trinidad. 

These angles might be more exactly determined by 
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mems of trigonometry ; that is by Aramng a meridian at 
aboat every 4 d^;ree8 of longitode, and successively solving, 
the spherical triangles thence resulting ; but we confess that 
we never had the courage to attempt a calculation so use- 
lès0é For, if we examine what advantage would arise from 
tins operation, it will be found of very little importance. 
The distance from Plymouth to Trinidad, measured on a 
greak circle drawn from the one to the other, is about 
1919 leagues; and if the loxodromic line drawn from the 
ohé to the other be measured, it will be found to be about 
}954. It is therefore not worth while to seek for the 
diortest course to save about 40 leagues ; especially as in 
tea voyages, the principal object is not to pursue die 
Aortest route, but to take advantage of the wind what* 
ever it may be, in order to complete the voyi^pe. 

PBOBLEM VIII. 

1¥hai is the most advantageous form of construction for the 
proBO if a vessel, in order that she may sail better, or be 
. easier steered? 

if one only of these objects were to be attained, that for 
example of cleaving the water with the greatest facility, 
the problem might be easily solved. The sharper a vessel 
is at the prow, the easier she can cut the water, and con^ 
séqoently will be better calculated tot moving with 
rapiility. 

'■' But an object still more important than velocity, is that 
ef being easily worked: without this property, a vessel^ 
like « refractory horse, would render useless the whole art 
df the navigator. But it is shown both by experience and 
tiSiàa^f that a vessel, to be manageable, must be narrow 
towaitfs the stem in the part immersed, in order that the 
water which runs along her sides may strike the rudder 
with more facility. She will also be managed with meure 
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ease, the farther the centre of gravity is from the stem; 
and for this reason the most obtuse and the widest part of 
the vessel must be towards the head. This Is actually tlie 
case in regard to all vessels destined for voyages. 

Nature, in regard to this point, seems to have provided 
man with a model in the form of fishes; for it may be 
readily seen that the thickest part of tbe fish is towards 
the head,- which in general is even pretty obtuse» like 
our ships, they have much more need of being able to 
turn and direct themselves with ease, than to move with 
rapidity. The best vessel perhaps would be that coih^ 
structed according to the exact dimensions of a migrating 
fish, such as tbe salmon ; which seems to enjoy, in a 
greater degree than any other, the two properties of 
moving quick and directing itself with ease. 

M. Camus, a gentleman of Lorraine, gives an account, 
in his Mechanics, of several experiments, firom which he 
endeavours to show, that the model of a vessel will move 
faster with the thick end foremost, than when cleaving 
the waves with the other, which is sharper : he even as- 
signs reasons for this idea, but they are certainly ill 
founded. These experiments are in absolute contradic- 
tion to sound theory ; and if ships jhave that form, it is 
not that they may move faster, but in consequence of 
the necessity which has been found, of sacrificing the 
advantage of velocity to that of being easily manoeuvred. 

M. Montucla here, rather injudiciously, opposes theory 
to experiment, and censures Camus improperly, whose 
experiments and reasonings have been confirmed by thç 
more accurate and extensive ones made, in tbe years 
1793-1798, by the English Society for the improvement 
of Naval Architecture, and may be seen at large in tbe 
Report of their Committee, printed in the year 1800* 
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PROBLEM IX. 

What Û the most expeditiom method of coming up with a 
vessel which is chased, and which is to the leeward? 

When a vessel is descried at sea, and you are desirous 
of coming up with her, you would be much mistaken if 
you directed the head of your own vessel towards the one 
you are pursuing ; for unless the chace were proceeding 
on the same course exactly, you would either be obliged to 
change your direction every moment, or you would lose 
the advantage of the wind by falling to the leeward. 

If a body a, pi. 1 fig. 4, moves in the line abcd^ and if 
it be proposed that another body a should come up with 
it» the body a ought not to be impelled in the direction 
ha; for in a few moments a will have advanced on the 
line in which it moves, and will have reached the point b, 
for example. Hence if we suppose that the body a always 
changes its course, directing itself towards the one it pur- 
snesy it will describe a curve such as abode, and will at 
length reach the body a by going faster, but not by the 
shortest way. If it does not change its direction every 
moment, it will arrive at a point in the line ad, which the 
body a has already left, and will pass it, unless it set out 
to pursue it along the Une a d, which would still make it 
lose time. 

To cause the body a therefore to come up with a, in the 
least time possible, a must be directed to a point in the 
line ae, fig. 5, so situated, that as and^ae shall be to each 
other in the ratio of their respective velocities. But these 
lines will be in this ratio, if the body a, at every moment 
in its course, is that which it pursues similarly situated, in 
a direction parallel to the direction au; that is, xa héing 
directed to the south, if the body a, when it reaches b^ is 
to the south of the body a when it arrives at b ^ ïov it js 
evident that the lines ae, ae, will then be proportional to 
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the Telocities of the two bodies, and they will arrive at the 
same time at e or e. 

Navigators are sensible of this, both from practice and 
reason ; for if a vessel at a espies another at a, the course 
of the latter acy may be ascertained nearly without much 
difficulty, and the ship in chase, instead of directing her 
head towards a, will follow a course such as ab, inclined 
from a, and at the same time the bearing of the vessel in 
the direction Aa will be taken by means of the compass) 
when A has proceeded some tilne, and reached b, for ex- 
ample, while a has reached &, the bearing of the yessel a 
in the direction Bb will be again taken : if it be tÊÛM the 
same, it is a sign that a is gaining ground, for Aa and b^ 
are parallel. If the chace falls a little behind, it shows that 
she may be pursued in a line making with the direction of 
her course, a less acute angle ; but if she has got achead, a 
line more inclined must be pursued to reach her ; and if 
the line be as much inclined as possible, and approaches to 
parallelism, there is reason to conclude that the chace is 
a better sailer, and that all hope of reaching her must be 
given up. 

It is here supposed that the chasing vessel has the ad- 
vantage, or is to windward ; for if she be to leeward, the 
manoeuvring must be different, unless she has a great ad- 
vantage in being able to lie near the wind» But this is not 
the proper place for enlarging on these manœuvres of the 
most ingenious of all arts. 

PROBLEM X. 

On determining the Longitude at Sea. 

The determination of the longitude at sea, has afforded 
no less exercise to mathematicians, than the perpetual m(h 
tion, the quadrature of the circle, and the duplication of the 
cube, but with more reason ; for no great advantage would 
be derived from a solution of the two latter, whereas that 
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of Ibe former would be attended with the greatest benefit 
to navigation. Navigators might at all times, when the 
heavens are visible, determine the place at which they have 
arrivedy by observing the longitude and latitude ; while in 
the present state of navigation the longitude can be esti- 
mated onfy in a very vague manner ; and nothing is more 
eommon, in long voyages from east to west, or the con* 
tnury, than for navigators to err a hundred leagues and 
more in their longritude. The British parliament there-> 
finrei many years ago, oflRsred a reward of 20,0001, to the 
person who should point out a certain method, practicable 
for common navigators, of determining the longitude at 



The problem of the longitude condsts in determining 
the difference between the time reckoned in a vessel at 
SMy and that reckoned at any determinate place, such aa 
the port whence the vessel sailed, and of which the longi- 
tude is known. But the time may be ascertained on board 
s imwel without much difficulty, provided the sun can be 
observed at noon, and also the laûtude ; for, by means of 
Ûfe instruments now employed at sea, the point of noon 
can be determined within about 2 minutes. By knowing 
tfaelpititnde in which the vessel is, and the sun's declination, 
the hour can be determined also by the setting of the sun. 
The operations relating to this subject may be seen in all 
good vrorks on navigation» 

But the difficulty is to find what the hour is^ at the same 
lim^ in the port from which the vessel sailed. There are 
however two methods of accomplishing this object, which 
mathematicians have endeavoured to render certain and 
piMticable : one of t}iem depends on mechanics, the other 
ii-porely astronomical. 

If the instruments constructed for measuring time, pre- 
served at sea the same regularity of motion as at land, it 
wotdd be easy on board ship to find on every occasion the 
hour it a determinate point. For this purpose, a navigator 
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on leaving the Lizard, for example, would set his time- 
keeper to the exact hour at that place, and if the time* 
keeper were always regularly wound up, it would continue 
to indicate the hour at the Lizard. When it should here-, 
quired then to determine the ship's longitude, nothing 
would be necessary but to observe exactly the time of noooi' 
and then to examine the hour indicated by the time-piece: 
the difference between these would be the difference of; 
longitude* Thus, after the end of a fortnight, if the time* 
keeper indicated 2 hours 10 minutes, when it was noon on. 
board the ship, there would be reason to conclude that diei 
difference in time, between the Lizard and the place at 
which the ship had arrived, was 2 hours 10 minutes, which 
ar^ «equal to 32 degrees 30 minutes west from the Lizard : 
then by means of the latitude, found by observation, it 
would be easy to determine exactly the ship's place on Ae 
earth. 

But as a pendulum clock cannot be used, and as the best 
watches get entirely deranged at sea, it becomes necessary 
to discover some method of measuring time not subject to 
this inconvenience ; or to improve the instruments already 
employed so far as to remove it entirely. 
. Various inventions, supposed to be less subject to the 
irregularities occasioned by the rolling of a ship at sea, 
have been proposed for this purpose. It is said, in the 
preceding editions of this work, that nothing is necessaiy 
but to take a good clock of the common construction, to 
change its large spring for eight others of less force, which 
together shall exert the same action, to wind them up io 
successive order, that is one every twenty-four hours, and 
to substitute for the pendulum a spiral spring with a scap^ 
ment â rochet; in the last place, to preserve this instru- 
ment, or several of them, in one or two boxes, deposited 
in some part of the vessel less sensible of its motion, taking 
care to keep the air within these boxes at a uniform tem- 
perature, which might be easily done by a thermometer* 
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By those meanS) says the author, you will have an instru- 
meat which will indicate the hour at sea exactly. If an 
apparatus so simple were sufficient to solve this problem^ 
it would not have occupied so long the talents of mecha- 
nicians and astronomers. 

Others have had recourse to sand-glasses: the descrip- 
tion of one of these, invented by the abbé Soumille, may 
be seen in the Mémoires adressés à V Académie Royale des 
ScienceSy par des Sçavans étrangers^ vol. i. It is ingenious, 
but we do not know whether it was ever tried, and whether 
it' was attended with success. 

' Many years of research however gave birth, in England^ 
to the invention of a marine time-keeper, which has the 
advantage of preserving its uniformity of motion at sea. 
For this invention we are indebted to Mr. Harrison, who 
proposed it about the year 1737. Though at that ;time it 
<tid not appear to possess the required regularity, the 
Board of Longitude conferred a reward on the author, to 
enoourage him to improve his work ; and at length after 
twenty years employed in this labour, and in making vari- 
ous experiments, he again presented it in 1758 to the 
Board, who gave orders for trying it in a voyage from 
England to Jamaica. This trial was made with every pré- 
caution -and formality necessary to ascertain the result; 
aod toYilirds the end of the year 1761, it appeared that 
Mfr Hamsou's time-keeper gave the longitude of Jamaica 
nearly within 5 seconds in time. On the return of the 
vessel dispatched for this purpose, the erVor, notwithstand- 
iog thé violent storms experienced during the voyage, 
was only 1 minute 54 seconds in time, or about 33 En- 
glish miles ; and a reward was adjudged to the author in 
conséquence of his having constructed a machine which in 
such a passage did not err much more than 30 miles. 

Mr. Harrison therefore received 5,000l. sterling as part 
of'tfiereward of ^,0001, offered by the British parliament, 

VOL. III. Y 
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which was to be paid to him after a new experiment, and 
on his making known the mechanism of his time-keeper, 
and teaching artists how to construct others of the like 
kind. This second trial was made in 1765, in a voyage 
from Portsmouth to Barbadoes, and the result of it having 
confirmed the success of the former, Mr. Harrison received 
5000L more. He was to be paid the remainder when he 
had taught a certain number of artists to construct such 
machines, for the use of navigators. A full account of this 
interesting discovery, and a description of the mechanism 
invented by Mr. Harrison, may be seen in various pamph- 
lets, and other works, published on the subject. Naviga* 
tion however is indebted to England for a certain method 
of knowing at sea the time at the port of departure; which 
is an inestimable advantage, and will certainly be the means 
of preserving many navigators from shipwreck. 

Mr. Harrison^s invention having been long kept a seorçt, 
the French watchmakers, who had already made many at- 
tempts to solve the problem, redoubled their efforts to dis- 
cover it, or to find out some means of the same kind. In 
order to encourage them, the Academy of Sciences at 
length proposed, in the years 1767 and 1773, a prize for 
the construction of a time-keeper similar to that of Mr. 
IJarrison. This prize was gained^ by M. le Roy ; son of 
the celebrated Julian le Roy, who showed that he had long 
before that time discovered the principle of the compensa- 
tion balance, necessary for constructing his time-keeper. 
It was partly for the purpose of trying it that the Marquis 
de Courtanveaux caused to be built and fitted out, at his 
own expence, the Aurora frigate, in which he made a voy- 
age to the Texel in the year 1767. During this voyage, 
M. le Roy's time-keeper always went with the greatest re- 
gularity, notwithstanding the violent agitation which the 
vessel continually experienced, in a sea where a heavy 
swell generally prevails ; and therefore, though the merit 
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of the discovery must be allowed to Mr. Harrison and to 
England, we may say that France had nearly fallen upon 
it at the same time. 

We must here observe that there is another French 
artist, who has followed so closely the steps of Mr. Harri- 
son, that he disputes with M. le Roy the honour of having 
made the first time-keeper in France : the artist here al* 
luded to is M. Berthoud, whose time-keepers, tried during 
the long voyage of M. de Fleurieu, seem also to have an- 
swered all the required conditions. 

We have already mentioned another method of consider- 
ing the problem of the longitude, which is merely astro- 
nomical. It is therefore necessary that we should make 
known what astronomers have done in this respect. 

When Galileo discovered the satellites of Jupiter, tlie 
^eclipses of which are so frequent, he conceived an idea of 
employing them in the solution of the problem respecting 
the longitude. It is indeed evident, that if the theory of 
the satellites of Jupiter be brought to sufficient perfection^ 
to determine for any given place, such as London, the mo- 
xtient when they will be eclipsed, and if an eclipse of one 
of these small planets be observed at sea, together with the 
exact time when it is seen, nothing will be necessary but 
to compare that time with the hour and minutest which 
it has been previously announced for the itoeridian of Lon- 
don : the difference of time will give the difference of lon- 
gitude. Thus for example, if an eclipse of the first satel- 
lite has been observed at 10^ 20™ in the evening ; and if 
it is found, by consulting the Nautical Almanac y that the 
ecUpse is announced for Greenwich observatory at 1 1** 5S^ 
in the evening ; it is evident that the difference 1^ 35°*, is 
the difierence of time, as reckoned at Greenwich and on 
board the vessel ; which makes 23® 45' diflference in longi- 
tude. 

Several obstacles however prevent this method from 
bdng much employed ; for, in the first place, these eclipses 
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do not happen often enough, as there is only one of tbe. 
first satellite every 42 hours ; and besides, they are not 
visible during several months, when Jupiter is too near 
the sun, &c. 2dly. To observe them, telescopes of a cer- 
tain length are necessary, and it is well known that the 
rolling of a ship renders it very difficult to observe Jupiter, 
or any celestial body whatever, with a telescope of con- 
siderable length. 

Attempts have indeed been made to remedy this incon* 
venience. Mr. Irwin, an Irish gentleman, proposed in the 
year 1760, his marine chair ; that is to say, a chair sus- 
pended in a vessel in such a manner, that à person seated 
in it can observe, with tolerable ease, the satellites of 
Jupiter, especially ^dth an achromatic telescope, which 
will produce the same effect as a much longer one con- 
structed in the usual manner. A trial of it was made by 
order of the Lords of the Admiralty, and according to the 
accounts published at that time, it succeeded pretty well ; 
but it would appear that after Mr. Harrison proposed his 
time-keeper, Mr. Irwin's marine chair was laid aside. 

It has been known for more than a century, that if the 
theory of the moon were brought to sufficient perfection, 
the problem of the longitude at sea would be solved ; for 
the moment of the moon's appulse to some of the zodiacal 
stars of the first^^^r second magnitude, might be calculated 
for any determinate place. Besides, .the motion of the 
moon is so rapid, that her change of position, in a short 
time, is very sensible. On this account, astronomers, for 
several years past, have employed themselves with great 
assiduity, to improve the theory of the moon; and they 
have indeed so far succeeded, that ^ the errors in calculat- 
ing the moon's place, do not exceed 2 or 3 minutes in the 
most unfavourable parts of her orbit ; whereas formerly, 
they amounted to several degrees. The British parlia- 
ment thought it necessary, by voting a sum of money to 
the widow and heirs of the late Tobias Meyer, of Gottin — 
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gen, to reward the successful efforts of that indefatigable 
and able astronomer, to whom we are indebted for the best 
tables of the moon ever published. They received there- 
fore a present of 2500). sterling, and as Euler also had la- 
boured with the greatest success in improving the theory 
of the moon y the parliament voted him the sum of 5001. 
Such examples of justice and generosity towards those 
who have exerted themselves in promoting the general 
good of mankind, do nations the utmost honour. 

Another necessary step was, to render the calculation of 
these observations sufficiently easy for practice, if not to 
all seamen, at least to the more enlightened part of them. 
The Abbé de la Caille is among those who exerted them- 
selves with the greatest success in the accomplishment of 
'this object. He gave formulée and operations for perform- 
ing these calculations, in which a ruler and a pair of 
compasses only are employed, and which require but a 
moderate knowledge of geometry and astronomy. They 
may be seen in the edition which he published of Bou- 
guer's Traité de Navigation, as well as in the Connaissance 
des Temps, fox the years 1765 and 1766. A Nautical Al- 
manac, which contains the moon's appulse to various fixed 
stars, calculated for the meridian of Greenwich, as well as 
the instructions and formulae necessary for employing the 
observations of the moon in determining the longitude, 
has been published for several years past at London, under 
the direction of Dr. Maskelyne, astronomer-royal. 
• Some time ago a new instrument, for observing the 
distances of the moon from the fixed stars, was\proposed* 
This instrument, to which the inventor, M. Charnières, an 
officer in the French navy, gave the name of Megametre, 
was employed by him to make observations, during a voy- 
age from Europe to America, and in 1768 he published the 
result of them, which seems to prove, that the instrument 
may be useful at sea. We do not find however that it 
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ever met with a favourable reception from nayigators ; nor 
do we know the reason. 

PROBLEM XI. 

If a 'vessel should be able to reach either of the poles, what 
method ought the commander to pursue ^ in order to steer 
in the direction of a determinate Meridian ? 

The difficulty which this problem seems, on the first 
view, to present, arises from this circumstance^ that if a 
vessel were at either of the poles, to whichever side she 
might turn, her head would be directed towards the soudi 
or north. Every line drawn from that point, to any point 
whatever in the horizon^ is a meridian ; and consequentlf 
at the pole there is neither east nor west. But if there is 
neither east nor west, how would she steer, or how would 
it be possible, all the meridians being similar, to find that 
in the direction of which it would be necessary to proceed, 
in order to reach the proposed place ? ^ 

This however is not all : if a vessel should reach one of 
the poles, it is probable that the compass would become 
useless, or as the sailors say run entirely mad; and there 
are only two ways of navigating a vessel, either by the 
magnetic needle, or by observing thestars, or rather by 
both these methods combined. « 

Such is the problem, which the astronomer who accoflBh 
panied the Hon. Capt. Phipps, afterwards Lord Mulgrave, 
sent out to attempt a passage through the northern ocean, 
would have had to solve, had the expedition succeeded. 
If the progress of the vessel had not been stopped by the 
ice, he would have proceeded^to the 90th degree of lati- 
tude, in order to arrive by the shortest passage at the strait 
which separates Asia from America— -a strait» the existence 
of which is now confirmed by the expeditions of tbe Ru«- 
sians, and by the researches of Captain Cook, and wlsch 
lies in about the ll^th degree of longitude. I proposed 
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this problem to myself^ in consequence of a new attempt 
-which was about to be undertaken in France, by M. dé 
Bougainville. I have heard that it was proposed to à 
celebrated astronomer, a member of the Royal Academy 
of Sciences : I do not know what answer he returned : but 
ray solution is as follows : 

Had I been the navigator intrusted with the expedition, 
tbat I might not be taken by surprise, I should have pro- 
vided myself with two or three good time-keepers, all ex*- 
actly set to the time at the pott of departure, which I sup- 
pose to be Brest. 

Let us now suppose that the sea was found open, and 
that I had arrived at the north pole. I shall suppose also 
that my compass had become entirely useless ; but that I 
bad the sun on the horizon, which is the case in summer, 
and therefore such an expedition ought never to be under* 
taken but at that period, during which the sun is visible 
in those regions for several months. It is evident that by 
eonsuhing my time-keepers, the moment when they indi* 
cated noon would be that when the sun was on the meri- 
dian of Brest ; consequently had I been desirous of return- 
ing thither, nothing would have been necessary but to turn 
the ship's head towards the sun, and to steer on that course, 
in such a manner, as to have the sun at the end of an hour 
15 degrees to the starboard ; at the end of two hours 30 
agrees, &c. It may be readily conceived that by these 
means, though destitute of a compass, I should have kept 
my vessel pretty exactly on the line of the determinate 
meridian. 

Now, if the meridian, on which it was necessary I should 
steer, had been distant from that of the place of departure 
176% as seems to be the case with that of the strait which 
separates Asia from America, it may be easily seen that I 
should have had nothing to do, but to direct the ship's head 
within about 4 degrees of the point diametrically opposite 
to the sun, wBen the time-keepers indicated noon ; or to- 
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^wards the sun itself when they indicated 16 minutes aftjeir 
.midnight, and then to keep on this course by the method 
above described ; changing every hour the angle formed 
by the ship's course with the azimuth passing through the 
sun. If we suppose the mouth of the strait in question to 
be/ in regard to Brest, in the longitude already mentioned, 
it is evident that I should not have failed to enter it. 

But it is to be observed, that this expedient would be 
necessary only when very near to the pole : at the distance 
of ten degrees from it, other means of directing the ship's 
course might be employed. We shall not however enlarge 
farther on this subject ; for it would be of very little use 
to point out these means, since the latest voyages seem to 
prove that the arctic pole, at the most favourable seasons, - 
that is to say during the summer of our hemisphere, is 
surrounded by a covering of ice ten degrees at least in dia- 
meter, and which even extends farther towards Asia and 
America ; or, in all probability, adheres to these two con- 
tinents, except perhaps during some excessively hot sum- 
mers. In short, I am fully persuaded that the idea of tra- 
versing the frozen ocean, in order to proceed to the seas 
of China and Japan, is a mere chimera ; and that if a vessel 
should even be able to get thither, by steering close along 
the shores of Asia or America, to the strait above men- 
tioned, the voyage would be attended with so many dan- 
gers, and require circumstances so favourable, that it would 
be madness to attempt it. What indeed would become of 
a ship if, retarded by any of the accidents so common in 
those seas, she should be obliged to winter, nearly a whole 
year, in any port of the almost uninhabited northern coast 
of Asia ? What assistance could she expect from the Sa- 
moiedes, or any other of these nations, still more bar- 
barous ? if the crew remained there, how could they secure 
themselves from the intense cold of these climates ? If they 
quitted their vessel, to take up their lodging in a close 
hut, after carrying thither their provisions, vrould not the 
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▼essel be exposed to the danger of being plundered or 
burnt ? Such an enterprise would require, that the com-* 
mercial nation which undertook it, should have a port be- 
longing to it in some advantageous situation, that ships 
obliged to winter in those cold regions might have a con- 
venient place of shelter. But what appearance is there 
that Russia, the sole mistress of these countries, will ever 
consent to such a measure ; especially as the Russian go- 
vernment so long concealed ,the information it had obtained 
in regard to the strait above mentioned ? 
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PART NINTH. 



Some eurious particulars in regard to Arehiteeture. 

Architecture may be considered under two pointa 
of riew. According to the first it is an art, the object of 
which is to write utility and grace ; to give to an edifice 
that form fittest for the purpose to which it is destined, 
and at the same time the most agreeable by its propor- 
tions ; to strike the beholder by magnitude or exteirt, and 
to please by the harmony of the different parts and their 
relation to each other : the more an architect succeeds in 
uniting all these requisites, the more he will be entitled to 
rank among the eminent men who have distinguished them* 
selves in this art. 

But it is not under this point of view that we here con- 
sider it : we shall confine ourselves to the geometrical and 
mechanical part of architecture, as it presents us with se- 
veral curious and us^ul questions, which we shall lay 
Mère the reader» 
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PROBLEM I. 

To cut a Tree into a Beam capable of the greatest possible 

resistance. 

This problem belongs properly to mechanics ; but on 
account of its use in architecture, we thought it might be 
proper to give it a place here, and to discuss it both geo- 
metrically and. philosophically. We shall ^rst examine it 
under the former point of view. 

(jalileo, who first undertook to apply geometry to the 
resistance of solids, has determined on a very ingenious 
train of reasoning, that when a body is placed horizon- 
tally, and fixed by one of its extremities, as is the case with 
a quadrangular beam projecting from a wall, if a weight 
be suspended from the other extremity, in order to break 
it, the resistance which it opposes is in the compound ratio 
of the horizontal dimension and the square of the vertical 
dimension. But this would be more correctly tçu^^-if the 
matter of the body were of a homogeneous and inflexible 
texture. 

It has been shown also, that if a beam is supported at 
both extremities, and if a weight, tending to break itj be 
suspended from the middle, the resistance it opposes, is in 
the ratio of the product of the breadth and square of the 
depth, divided by half the length. * 
. To solve therefore the proposed problem, we must, cut 
from the trunk of the tree a beam of such dimensions, that 
the product of the square of the one by the other shall be ' 
the greatest possible. 

Let AB then, pi. 1 fig. 1, be the diameter of the circle, 
which is the section of. the trunk; the question is, to in* 
scribe in this circle a rectangle, as âebf, of such a nature, 
that the square of one of its sides a f, multiplied by the 
other side ae, shall give the greatest product, 'fyxt it can 
be proved that, for this purpose, we mustfim take, iatbe 
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diameter ab, the part ad equal to a third of it, and raise 
the perpendicular de, till it meet the circumference in e : 
if BE and ea be then drawn, and also af and fb parallel 
to them, we shall have the rectangle aebf, of such a na- 
ture, that the product of the square of af by bf, will be. 
greater than that given by any other rectangle inscribed 
in tlie same circle. If a beam of these dimensions, cut 
from the proposed trunk, be placed in such a manner, that 
its greatest breadth af shall be perpendicular to the hori* 
zon, it will present more resistance than any other that 
could be cut from the same trunk ; and even than a square 
beam cut from it, though the latter would contain more 
matter. 

ÏIemabk.— Such would be the solution of this problem, 
if the suppositions from which GaHieo deduced his princi- 
ples, in regard to the resistance of solids, were altogether 
correct. He indeed supposes that the matter of the body < 
to be broken is perfectly homogeneous, or composed of 
parallel fibres, equally distributed around the axis, and 
presenting an equal resistance to rupture ; but this is not 
entirely the case with a beam cut from the trunk of a tree 
which has been squared. 

By examining the manner in which vegetation takes 
place, it Jbas been found, that the ligneous coats of a tree, 
formed by its annual growth, are almost concentric ; and 
that they are like so many hollow cylinders, thrust into 
each other, and united by a kind of medullary substance, 
which presents little resistance: it is therefore these lig- 
neous cylinders cWefly, and almost wholly, which oppose 
resistance to the force that tends to break them. 

But^ what takes place when the trunk of a tree is 
squared, in order that it may be converted into a beam ? . 
It is evident, and it will be rendered more sensible by in- 
specting fig. 2f that all the ligneous cylinders, greater tban^ 
the circle inscribed in the square, which is the section of 
thç be^iPf #r^ cut pff QQ.tlie sides; and. therefore, the. 
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vr\ïo\e resistance almost arises from the cylindric tmnk is- 
scribed in the 'solid part of the beain. The portions of 
the cylindric coats which are towards the angles, add 
indeed a little strength to that cylinder, for they cannot 
fail of opposing some resistance to the breaking force; 
but it is much less than if the ligneous cylinder were entire. 
In the state in which they are they oppose only a moderate 
e£Fort to flection, and even to rupture. For this reason, 
there is no comparison between the strength of a joist 
made of a small tree, and that of another which has been 
sawn, or cut with several others from the same beam or 
block. The latter is generally weak and so liable to break, 
that joists, and other timber of this kind, ought to be care- 
fully rejected from all wooden work which has to support 
any considerable weight. 

We shall here add, that these ligneous and concentrk 
cylinders are not all of equal strength. The coats nearest 
the centre, being the oldest, are also the hardest ; while, 
according to theory, the absolute resistance is supposed to 
be uniform throughout. 

It needs therefore excite no surprise, that experience 
should not entirely confirm, and even that it should some* 
times oppose the result of theory. Hence we are under 
considerable obligations to Duhamel and Buffon, for having 
subjected the resistance of timber to experiments ; as it is 
of great importance in Architecture to know the strength 
of the beams employed, in order that larger and more 
timber than is necessary may not be used. 

But notwithstanding what has been said, it is very 
probable that the beam capable of the greatest resistance, 
which can be cut from the trunk of a tree, is not the 
square beam; for the following experiments made by 
Duhamel seem to prove, the size being the same, that the 
beam which has more depth in proportion than breadth, 
when the depth is placed vertically, presents so much more 
resbtMice ; and even without deviating very much from 
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the law proposed by Galileo, viz, the compound ratio of 
the square of the vertical dimension and that of the 
breadth. 

Duhamel indeed caused to be broken twenty square 
bars of the same volume, to determine what form of dress* 
ing would render them capable of the greatest resistance. 
They all had 100 square lines of base, and four of each 
sort were employed of the different dimensions, to compose 
the same area. 

The first four, which were 10 lines in every direction, 
sustained a weight of 131 pounds. 

Four others which were 12 lines in one direction and Sy 
im another, sustained each 154 pounds. The above law 
would give 157 pounds. 

The next four, which were 14 lines in height and 7} in 
breadth, supported each 164 pounds. Calculation would 
give 183 pounds. 

Four more, which were 16 lines in height and 6j. in 
breadth, sustained each 180 pounds. According to calcu- 
lation they ought to have supported 209 pounds. 

The last four, which were 18 lines in height and 5| in 
breadth, sustained each 243 pounds. Calculation would 
hare given only 233 pounds. It is very singlar that in 
this case calculation should give less than experience; 
while in the other cases the result was contrary. 

Bufibn began experiments on a larger scale, in regard 
to the resistance of timber, an account of which may be 
seen in the Memoirs of the Academy of Sciences for the 
year 1141. It is to be regretted that he did not pursue 
this subject, on which no one could have thrown more 
light. It appears to result from these experiments, that 
the resistance increases less than in the square of the 
vertical dimension, and decreases in a ratio somewhat 
greater than the inverse of the length. 

In short, the result of the whole is, that to solve the 
proposed problem, it would be necessary to have physical 
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data of which we are not yet in possession ; that the beam 
capable of the greatest resistance, that can be cut from the 
trunk of a tree, is not a square beam ; and that in general 
many researches are to be made respecting the lightening 
of carpenter's work, which often contains forests of timber 
in a great part useless. 

PROBLEM II. 

Of the most perfect form of an arch. Properties of the ^ 
catenarian curve^ and their application to the solution of ; 
this problem. 

The most perfect arch, no doubt, would be that, the 
voussoirs of which being exceedingly thin, and even smooth 
on the sides in contact, should maintain themselves in com- 
plete equihbrium. It may easily be perceived that, in 
consequence of this form, very light materials might be 
employed ; and we shall show also that its push or thrust 
on the piers would be much less than that of any other 
arch of the same height, constructed on the same piers. 

This property and this advantage are found in a curve 
well known to geometricians under the name of the cate- 
narian, and called bv the French la Chainette. This name 
has been given to it because it represents the curve assumed 
by a chain acb, pi. 1 fig. 3, composed of an indefinite 
number of infinitely small and perfectly equal links, or by 
a rope perfectly uniform and exceedingly flexible^ when 
suspended freely by its two extremities. 

The determination of this curve was one of those pro- 
blems which Leibnitz and Bernoulli proposed towards the 
end of the 1 7th century, in order to show the superiority 
of their calculation over the common analysis ; which in- 
deed is hardly sufficient to solve a problem of this nature. 
But we must here confine ourselves to a few of the proper- 
ties of the curve in question. 

If the curve abc, fig. 3 and 4 pi. 1, be disposed in such 
a manner, th^t its summit shall be uppermost; and if » 
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mukitude of globes be so arranged, that their centre dball 
be in the circumference of this curve, they will all remain 
motionless and in equilibrium : much more will this equi- 
librium subsist, if, instead of balls, we substitute thin vous« 
soirs, the joints of which will pass through the points in 
contact, as they will touch each other in a surface far 
more extensive than the points in which we suppose the 
baUs to touch each other. 

. Now to describe a curve of this kind Is attended with 
no difficulty; for let us suppose that the space ab, com- 
prehended between the two piers a and b of fig. 5, is to 
be covered with an arch, and that the elevation of this arch 
is to be sc. Trace out on a wall a horizontal line ai, fig. 
6^ equal to ab ; then from the middle of ab draw c perpen- 
dicular to it, and equal to sc; and having fixed to the 
points, a and 6, the two ends of a very flexible rope or 
cbain^ formed of small links perfectly equal and vèiH^ 
moveable, so that when suspended freely it shall pass 
through the point c, mark out on the wall a suflScient num- 
ber of the points or eyes of these links, without deranging 
tl^em: the curve described through these points will be 
the one required; and nothing will be easier than to trace 
oat the plan of it on the wall as represented by acb fig. 5. 
Then trace out at an equal distance, both without and 
within ACB, two curves, which will represeQt the extrados 
aad intrados of the arch to be constructed. Divide the 
Gonre ag into any number of equal parts at pleasure ; and 
tbrougfa these points of division draw .lines perpendicular 
to the curve» which may be done mechanically with suf- 
ficient exactness for practice: these perpendiculars will 
divide the arch into voussoirs ; and you will thus have a 
plw of the arch described on the wall. From this plan it 
W)il be easy to construct the pannel or model boards for 
cutting the stones according to the proper form. If these 
Operations are accurately performed^ were thç line ab a 
VOL. III. • 2 
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hundred feet, aiid the height sc still more, the voussoin 
of this arch would maintain themselves in equilibrium, 
however small the part in contact might be: for, mathe* 
matically speaking, they ought to maintain themselves in 
equilibrium even if the surfaces in contact were highly 
polished and slippery: consequently the equilibrium will 
subsist much more when cut in the usual manner. 

Now to find the force with which an arch of this kind 
pushes against its piers, or tends to overturn them^ <bawa 
tangent to the point a the commencement of the curve, 
fig. 6, which may be done mechanically by assuming two . 
points very near the curve, and drawing through these 
points a line which will meet in #, the axis sc continued*. 
This tangent being given, it can be demonstrated in me» 
chanics that the whole weight of the semi-arch ac, is to 
the weight or force with which it pushes the pier in a hori- 
zontal direction, as st is to sa* On the other hand, we 
must add to the weight of the pier, the force with which 
the semi<arch presses upon it perpendicularly; that is to 
say, the absolute weight of the semi-arch: in this manner 
the thickness of the pier may be found, by the followiog 
arithmetical operation, which we shall here substitute for 
a geometrical construction, as the latter m^ht appear too 
complex to the generality of our readers. 

We shall suppose the span ab to be 60 feet, pi. 1 fig. 5 
and 6, and consequently as will be 30 feet ; we suppose 
sc to be 30 feet also, in order that we may compare the 
push or thrust of this arch with that of a semi-circular one. 
Let the length Ac be 45 feet 1 inch 8 linesf, and the 
breadth of the arch 1 foot; for, on account of the reasons 

* This tangent may be drawn geometrically in the following manner: 
make use of this proportion, as 8sc is to ae + «c, so is cc — «c to a foortfc 
term, which we shall call eu; if you then say, as cm is to oc, so is a* to J^ 
the point f will be that where the tangent to the point a will meet the aiiib 

f It is found by calculation that this ought to be the length. 
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above mentioned, it may be constructed with safety^ in 

this light manner. If the height of the pier then be 40 
feet, required the thickness it ought to have in order to 

overcome the thrust of the arch* 

It will be found, on this supposition, that the tangent of 
the point a, the commencement of the catenarian curve or 
arch, will meet its axis sc produced, in a point t so situated, 
that St will be 11-^ feet. If sa be then divided by stj we 
shall have the number ff^, which must be reserved, and 
which we shall call n. 

Now take a fourth proportional to the height of the 
pier, the length ac of the semi-arch, and to its thickness, 
and let the half of this fourth proportional, which in this 
case is ^, be éalied d. 

Then multiply ac by the thickness 1, and the product 
by double the reserved number n, which will give 37^ ; 
to this number add the square of d, and extract the square 
root of the sum, which will be 6-|-: if the above number d 
be taken from this root, we shall have 5 feet 7 inches, for 
the breadth of the pier*. The pier being constructed of 
matwals homogeneous to the arch, it is certain that it will 
resist the force with which the latter tends to thro\\r it 
down ; for, to simplify the calculation, we have made a 
supposition which is not altogether exact, but which in- 
creases in some measure the breadth of the pier. This 
observation we think necessary, that we may not be ac« 
ouaed of committing a wilful error. 

If this breadth be compared with that necessary to sup- 
port a^circular arch forming a complete semicircle, the 
latter will be found to be much greater, for it ought to be 
near 8 feet. 

The push of an arch constructed on a circular founda- 
tion, such as the arch of a dome, being only about one half' 

* This determination of the breadth or thickness of the pier, if not m9^ 
theHiatfcalljr correct, may at least be considered as sufficiently near for 
practic»! pnrposes. 

z2 
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of that exerted on its piers by a vault arch of the same 
thickness^ it thence follows that, on the above supposition» 
the side of such a dome would require only 33) inches in 
thickness. But it can be demonstrated, even by the figure 
of the catenarian curve, that the arch may be but about a 
foot in thickness. Hence we may see how ill founded was 
the objection made to the architect of the church of Saint 
Genevieve, of its being impossible to construct, on the 
base he employed, the dome which he projected ; for he 
could have done it even if we suppose his construction to 
be such as the author of the objection traced out to him, 
according to the precepts of Fontana, or rather accordiog 
to the mode which that architect followed in the construct 
tion of his domes. What then would have been the case» 
bad the architect aUuded to, instead of first constructing a 
cyUnder of 36 feet, which it however appears was never 
his design, made his arch rise immediately in a catenariaa 
curve, above the circular cornice, which crowned his poi- 
dentives, or above a socle of small height ? It is evident 
that the push of this arch would have been much less; and 
it would not be surprising if it should be found by calcula- 
tion that his piers would have been capable of sustaining 
the arch raised above them, even supposing them insulated, 
and not allowing them any support from the re-entering 
angles of the church, which might have been made to rest 
against them. 

We shall conclude with observing, that if it were re- 
quired to find, by principles similar to those which gave 
rise to the discovery of the catenarian curve, the most ad« 
vantageous form for a dome, the problem would be ei* 
ceedingly difficult; for if we suppose this arch divided 
into small sectors, it will be evident that the weight of the 
Vbussoirs is not equal, and that their relation depends even 
on the form given to the arch. What has been here said, 
ought therefore to be considered only as an approximation 
of the most advantageous figure which the arcb^ in that 
case, ought to have. 
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PROBLEM lit. 



Sim to construct a hemispherkal archj or what the French 
. architects call an arch en cul-de-four, which shall have nù 
thrust on the piers. 

The dispute carried on, some years ago, with a consideiw 
eWc degree of warmth, respecting the possibility of execut> 
ing the cupola of the new church of Saint Genevieve, gave 
Ine an opportunity of ejjicamiuing whether, even on the 
supposition that the supporters would be necessarily too 
weak to resist the thrust of an arch 63 feet in diameter, 
there might not be found some resources to render the 
construction of the cupola possible. I soon found that it 
was possible, by means of a very simple artifice, to con- 
struct an hemispherical arch, or an arch in the form of a 
semi-spheriod, which should have no sort of thrust on its 
piers, or on the cylindric tower by which it is supported. 
This will be readily conceived from the following reason- 
ing and illustration. 

It is evident that a hemispherical arch would exert no 
thrust on its support, if the first row were of one piece.' 
But though this is impossible, the deficiency may be sup- 
plied, and such an arrangement may be made, that not 
only the first row, but that several of those above it, shall 
be disposed in such a manner, that their voussoirs can have 
no movement capable of disjoining them, as we shall here 
show. The hemispherical arch will then exert no kind of 
dirust on its supporters ; so that it may not only be sus- 
tained by the lightest cylindric pier, but even by simple 
columns, which would furnish the means of rearing a work 
very remarkable on account of its construction. Let us 
see then, how the voussoirs of any row can be connected 
in such a manner as to have no motion tending to make 
them recede from the centre. There are several methods 
of accomplishing this object. 
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Irt. Let A and b, pL2 fig. 7 d* 1, be two contiguous 
▼omsoirs, which we shall sappose to be 3 feet in length, 
and a foot and a half in breadth. Cut oQt on the conti- 
guous sides two carities in the form of a dove-tail, 4 inches 
in depth, widi an aperture of the same extent at o^ ; 5 or 
6 inches in length, and as much in breadth at cd. This ca- 
Yitjr will serre to receire a double key of cast iron, as ap- 
pears in the same figure n°. 2 ; or even of common forged 
iron, wUch will be still more secure, as the latter is not so 
as the former. These two voussoirs will thus be 
together in such a manner, that they cannot be 
separated without breaking the dove-tail at its re-enteriDg 
angle ; but as each of its dimensions in this place will be 4 
inches, it may be easily seen that an immense force would 
be required to produce that eSéct ; for we are taught, by 
wdl-known experiments on the strength of iron, that it re- 
quires a force of 4500 pounds to break a bar of forged iron 
an inch square by the arm of a lever of six inches : conse- 
quendy 288000 would be necessary to break a bar of 16 
square inches, like that in question. Hence there is reason 
to conclude that these voussoirs will be connected together 
by a force of 288000 pounds, and as they will never expe- 
rience an effort to disjoin them nearly so great, as might 
easily be proved by calculation, it follows that they may 
be considered as one piece. 

They might even be still farther strengthened in a very 
considerable degree : for the height of these dove-tails 
might be made double, and a cavity might be cut in the 
middle of the bed of the upper voussoir, fit to receive it 
entirely : the dove-tail could not then be broken witheut 
breaking the upper voussoir also. But it may be easily 
seen that, to produce this effect, an immense force would 
be required. 

2d. But as some persons may condemn the use of iron 
in works of this kind, we shall propose another method, 
not attended with the same inconvenience, if it realty be 
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ene*^; and in which nothing is employed but stone com* 
bined with stone. 

Let A and b, fig. 8, be two contiguous voussoirs of the 
first row, and c the inverted voussoir of the upper next 
row which ought to cover the joining. Each of the two 
former voussoirs being divided into two^ cut out in the 
middle jof each half a hemispherical cavity, half a foot in 
diaoÊ^ér ; then take with great exactness the distance of 
the centres of the cavities a and c, which are in two con- 
tiguous voussoirs, and by these means cut out two similar 
cavities in the lower bed of the voussoir, which is to be 
placed in connection on the preceding. Then fill the ca- 
vities a and c with two globes of very hard marble, and 
place the upper voussoir in such a manner that these two 
globes shall fit exactly into the cavities of its lower bed. 
If this operation be dexterously performed throughout the 
whole range of the first, second, and third rows, it may be 
easily perceived, that all these voussoirs will form together 
one solid body, the parts of which cannot be separated ; 
for the two voussoirs a and b cannot be disunited without 
breaking either the balls of marble which connect them 
with the upper voussoir, or breaking the upper voussoir 
through the middle. But even if we suppose this effect, 
which could not be produced without a force almost in« 
conceivable, or at least far superior to the action of the 
arch, the two halves of the broken voussoir being them- 
selves sustained in a similar mander by the superior vous* 
soirs, no tendency to separate from each other could thence 
result : the three rows therefore of the arch would form 

* All architects, indeed, are not so nice in their choice of mateiiali ; but 
i^ appears to us that the frequent use of iron for strengthening buildings is 
subject to ninch inconvenience and danger. We at least wish that public 
monuments were constructed without it: for if they can support themselTet 
without iron it is needless : if iron b essentia] to strength, it will certainly 
be consumed in the course of time by rust, and the edifice will then tnmbto 
to pieces, or be greatly injured. The use of iron then in this case is attended 
w^ bad consequences. 
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only one piece, and there would be no thrust. It wiil be 
sufficient if the base of this arch have si)ch a thickness &$ 
to prevent it from being crushed by its absohite weight ; 
a.nd a very moderate thickness, if the materials be good^ 
will answer this purpose. 

We think we have proved therefore, by these two oaer 
thods, that a hemispherical arch might be copsiriK^teci 
without any thrust on its supporters ; consequently^ if ^ 
even suppose that the Architect of Saint Genevieve hax) 
adopted the form of Fontana's domes, and had begun by 
raising on his pendentives a tower of about 36 feet in 
height, to be crowned by a hemisph^ical dome, it weuld 
not have been impossible to give it a solid construction. . 

PROBLEM IV. 

Jn what manner the thrust of arches may he considerab^ 

diminished. 

Architects, in our opinion, have not considered withsuf* 
ficent attention the resources aSbrded by mechanics, foi 
diminishing, on many occasions, the thrust of arches. We 
shall therefore present the reader with some observations 
on that subject. 

When the manner in which an arch tends to overturn 
its piers is analyzed, it appears that the arch necessarily 
divides itself somewhere in its flanks, and that the upper 
part acts in the form of a wedge or a lever on the ren>ain- 
der of the arch, and on the pier, which are supposed to 
form one body. This consideration then suggests, that to 
diminish the thrust of the arch, or increase the stability of 
the pier, the commencement of the flanks ought to be 
loaded ; and that the thickness of the voussoirs near the 
key ought to be considerably lessened : in short, to make 
the arch, instead of having a uniform thickness throughout 
its whole extent, to be very thick at its origin, and at the 
key to be no thicker than what is necessary to resist the 
pressure of the flanks. It may be easily percdved^ that 
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«s by this method a part of the force which acts to overturn 
it, is thrown upon that which resists being overturned, the 
latter will gain a great advantage over the former. 
, . It is to arches in the form of a dome, in particular, that 
this consideration is applicable; and not only might this 
method be employed, but also heterogeneity of materials. 
For this purpose, let us suppose ourselves in the place of 
the architect of Saint Genevieve, and that it is necessary 
té construct his dome by first raising a round tower 36 
feet in height, to be afterwards crowned by an arch, which 
WB sliall suppose to be hemispherical, though he was al*^ 
lowed to make it a little more elevated than that form, in 
order that it might appear hemispherical when seen at a 
moderate distance. It is found that giving to this arch 
the uniform thickness of a foot and a half, the tower ought 
to be 4} feet in thickness at the utmost, which added to 
some necessary enlargement at the foundation, for the 
sake of solidity, exceeds the breadth of the basis which 
might be given to it in a part of its circumference. But, 
according to the above considerations, what would prevent 
thià tower, and the first rows, even as far as towards the 
middle of the flanks of the arch, from being constructed of 
nlaterials much more ponderous than the rest of the arch ? 
For we are acquainted with some stones, such as hard and 
coarse marble, which weigh 230 pounds the cubic foot ; 
while the Saint Leu, in the neighbourhood of Paris, weighs 
only 182, and brick much less. Instead of giving to the 
arch the uniform thickness of a foot and a half, why might 
it not be made 3 feet at the spring, and only 8 inches to- 
wurds the summit ? But by making the following supposi- 
tions, namely that the tower and the 'first rows of the arcfa^ 
as ftir as the middle of the flanks, are of the hard stone iu 
the 'neighbourhood of Paris, which weighs 170 pounds the 
ctfbit foot, and the rest of brick which weighs only 130 ; 
and that the arch at its spring, as far as the middle, is 2| 
feet in thkdUiess, and onfy 8 inches towards the summit ; 
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we have found that the tower in question ought to be onlj 
1 foot 8) inches in thickness, to be in equilibrium with thé 
thrust of the arch. If this tower therefore were made 3 
feet in thickness, it is evident to the most timid architect, 
that it would be more than sufficient to counteract every 
effect of lateral pressure ; and it would be still more so 
were it made SJ feet in thickness to a certain height, such 
as that of 9 feet, for example, and then 3 feet or 2 feet 9 
inches to the commencement of the arch ; as a pier is 
strengthened by throwing to its lower part a portion of its 
thickness, instead of making it equally thick throughout;^ 
since the point on which it ought to turn, in order to be 
thrown down, is removed farther back. 

But this is enough on a subject -which we have intro* 
duced here occasionally. 

PROBLEM v. 

Two persons, wJw art neighbours , have each a small piece of 
ground, on which they intend to build; hut, in order to 
gain as muck room as possible, they agree to construct a 
^air common to both houses, and of such a nature, that the 
inhabitants shall have nothing in common except the en- 
trance and the vestibule. What method must the archi- 
tect pursue to carry this plan into execution f 

The stairs here proposed may be constructed in the fol- 
lowing manner, of which there are some examples. 

Let fig. 9 n^. 1 , pi. 2, be a plan of the stairs, the form 
of which is of such a nature as to ascend, without being 
too steep, from the lower to the first story in one revolu- 
tion, or somewhat less. In a common vestibule a, the en- 
trance to which is through a common door p, construct on 
the right at b the commencement of the ramp intended 
for the house on the right ; and make it circulate from 
right to left, as far as a landing place, which must be con- . 
structed above the landing place b : the stairs may then be 
continued in the same manner to a second or third story. 
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The commencement of the other stair^case must be on 
the side diametrically opposite at ç ; and must circulate 
in the same direction, in order to arrive, after one revolu- 
tion, at a landing place forming the entrance to the first 
story of the house on the left ; so that if the inside railing 
of these stair-cases be open, as it may be easily made, thosç 
who ascend or descend by one of them, can see those who 
are on the other, without having any communication but 
by the common vestibule a and the door of entrance. A 
section of this double stair-case is seen fig. 9 n^ 2. 

At the castle of Chambord there is a stair-case nearly of 
this form, which serves for the whole building. For, as 
this edifice consists of four grand vestibules, or immense 
saloons, placed opposite to each other, in the form of a 
Greek cross, and into which all the apartments open, Ser- 
lio, the architect, constructed the stair-case in the centre 
of this cross ; and, by means of a double ramp, those who 
enter from the south vestibule on the ground floor, and 
who front the stair-case before them, arrive after one re- 
volution at the southern vestibule or saloon of the first 
story, and vice versa. 

But though the form of this stair-case is very ingenious, 
it has some great defects, which might have been easily 
avoided* 1st. The entrance of the stair-case, instead of 
being directly opposite to the middle of each saloon, is a 
little on one side. 2d. There is no landing-place before 
the door which forms the entrance into. this story. 3d. 
"JTbe interior railing, which might have been light, and al- 
most entirely open, has only a very small number of aper-^ 
tures. 

If the ground would admit, the same artifice might be 
employed to construct a stair-case with four ramps, all se- 
parate from each other, in order to ascend to four different 
apartments. The plan of a stair of this kind, which is 
said to have been constructed at Chambord, may be seen 
in P^Uadip^ , That of Serlio, on aqcouqt.of the four gaU 
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leries to be entered^ would no doubt bave been much more 
beautiful, had it been built on the same plan ; bat we can 
assert that the stair of Cbambord has only two ramps as 
above described. 

Remark. — Some stairs are distinguished by another pe- 
culiarity, namely, the boldness of their construction. Such 
are those stairs in the form of a screw, the helix of which 
forms a spiral entirely suspended, so that there remains in 
the middle a vacuity of greater or less extent. This bold 
construction depends on the manner in which the steps are 
cut, and their being fixed by one end in the wail, which 
on one side supplies the place of a rail. A full account 
of the mechanism of them may be seen in most works on 
architecture. 

PROBLEM VI. 

To construct a floor with joists, the length of which is little 
more than the half of that necessary to reach from the mu 
wall to the other. 

Let the square abcd, pi. 2 fig. 10, be the frame of the 
floor, which is to be covered with joists a little more in 
length than the half of one of the sides ab. On the sides 
of this square assume the parts AG, bi, cl, and de equal 
to the given length of the joists^ which must be arranged 
as seen in the figure ; that is, first place ef, and introduce 
below it GH, with its end h resting on ik; and let k, the 
end of IK, rest upon lm, the end of which m must be made 
to rest upon the first joist ef. It may be easily* proved, 
that in this position these joists will mutually support each 
other without failing. 

It is almost needless to observe that the end of each joist 
must be cut in such a manner, as to enter a notch made 
for it in the joist on which it rests, and into which it ought 
to be well fitted. However, aâ a notch cut into a joist 
must lessen its strength, it would perhaps be better to 
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iQake the end of each joist rest on an iron stirrup of a suf- 
ficient size, and affixed to them in a secure manner. 

But it is not necessary that the joists should be a little 
longer than half the breadth of the frame to be covered: 
a floor may be constructed with pieces of wood much 
shorter, if they be cut and arranged in a proper manner. 

Let us suppose, for example, that an area of 12 feet 
square is to be covered, and that the pieces of wood, in* 
tended to support the floor, are only 2 feet in length. Cut 
the extremities of one of these pieces of wood in an obliqué 
form, or into a bevel, as represented by the section acd 
or BEF, fig. 11 ; and in the middle of the same piece, form 
on «ach side a notch, for receiving the end of another 
piece cut in like manner. If the same operation be per«> 
formed on all the rest, they may then be arranged as seen 
in the figure ; a bare view of which will give a better idea 
of the artifice here employed, than a long description. 
The oblong spaces, which remain along the walls, may be 
filled up with pieces of wood half the length of the for- 
mer. The scaffolding may then be removed with great 
safety, for. these pieces of wood will form a solid floor, and 
will mutually support each other, provided none of them 
is destroyed : for it is to be observed, that the breaking of 
one would make the whole fall to pieces. 

Dr. Wallis, at the end of the third volume of lus works^ 
gives a great variety of these combinations, and he say^ 
that this invention was employed in some parts of England. 
Bat on account of the reasons already mentioned, it is to 
be considered rather as ingenious than useful, and fit only 
to be adopted when there is a great scarcity of timber, 
and for floors which have very little weight to support. 

Remark* — ^In^tead of pieces of wood, if we suppose 
stones to be cut in the same manner, it is evident that they 
would form a flat arch ; but in this case, to avoid the 
danger, of breaking, it would be necessary that they should 
be at most 2 feet in length, and of a suitable width and 
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thickness. An arch of this kind is generally called the flat 
arch of M. Abeille; because it was proposed by that en- 
gineer, to the Academy of Sciences, in 1699. It is at- 
tended with this advantage^ that its whole thrust is exerted 
on the four walls, which serve to support it ; whereas a 
flat arch^ constructed according to the usual method, ex- 
erts its thrust or push only against two. But this advan- 
tage is more than overbalanced by the danger of the whole 
tumbling to pieces; if one stone only should be deficient. 
Frezier has treated on this subject at some length, in his 
work on cutting stones ; an^ has shown how to vary the 
compartments of the intrados, or lower part, as well as of 
the esrtrados, or upper part, which might be formed with 
these arches. But we must here repeat, that these things 
are more curious than useful, or rather that this construc- 
tion is very dangerous. 

PROBLEM VII. 

Of suspended Arches ^ called by the French Trompes dans 

r Angle. 

One of the boldest works in masonry, is that kind of 
arch called, by the French, Trompe dans F Angle*. Let us 
suppose a conical arch^ as safbs, pi. 3 fig. 12, raised on 
the plane of a triangle asb ; if from the middle of the base 
there be drawn two lines ec and ed, which in general are 
parallel to the respective sides sd and sc ; and if upon 
these be raised two planes def and cef, perpendicular to 
the base ; these two planes will cut ofi^, towards the sum- 
mit s, a part of the arch, as fdscf, the half of which cfdc 
will be suspended, or project beyond the foundation. This 
truncated part of the conical arch fdscf, is what is called 
a trompe dans P Angle; because in general it is constructed 
in a re-entering angle to support some projecting part of 

* These arches are called trompa, becaoM they have a resemblance ta 
thfi mouth of ai trumpet. 
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an edifice. For this puf pose, on the curvilinear planes cf 
and DF, there are raised walls whicb^ though suspended^ 
have sufficient strength, provided the voussoirs be exactly 
cut ; are long enough to be inserted in the half which is 
not suspended ; and provided also that this part is properly 
loaded. 

Works of this kind are common ; but the most singula^ 
is one at Lyons; which supports a considerable part of a' 
house, situated on the stone-bridge. One cannot see, 
without some uneasiness, the corner of this edifice, which 
is three or four stories in height, project several jrards ove(r 
the river. It is said to be the work of Desargnes, a gen« 
tleman of the Lyonnese, and an able geometrician, who* 
lived in the time of Descartes. In that case, this work 
must have stood about 150 years ; which seems to prove 
that this kind of construction has a real and greater solidity 
than is commonly supposed. 

Remark. — If the suspended arch be a right arch^ that 
is to say a portion of a right cone asbf; and if thç section 
planes fed and fec be respectively parallel to sc and sn, 
the curves fc and fd, as is well known, will be parabolas, 
having their summit in d, and ce or de for their axis. 

We must here take notice of a geometrical curiosity, 
which is, that the conical surface fcsdf, though a curve, 
and terminated in part by curved lines, is equal to a recti- 
lineal figure; for if dg be drawn parallel to the axis 8£, 
it can be demonstrated^that the conical surface in question, 
is equal to one and a third of the rectangle of sb or 5F by 

EG. 

PROBLEM VIII. 

A gentleman has a quadrangular irrcgvlar piece of ground^ 

as abcd, in which he is desirous of planting a quincunx^ 

in such a manner ^ that all the rows of trees ^ whether trans^ 

versai or diagonal, shall be right fines. How must he pro^ 

. eeed to carry this plan into execufy>n f^ 
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, We shall suppose this quadrilateral to be .so irregular^ 
that the oppoûte «des ab and bc, pi. 3 fig, 13» meet ioJi 
point Fy and the sides ad and CB in another point %. Cour 
tinue these side^ two and two, to the points of aieetîng» 
B and F, which must be joined by a straight line bf ; their 
through the point d draw a line parallel to bf ; contânuft 
BC and ba till they meet that parallel» in h and o, and 
divide on and dh into the same number of equal pirts»i 
wUch we shall suppose \o be four : if through the pointr 
of division in gd, as many straight lines be drawn to tbr 
point F ; and if straight lines be drawn» in like manner» 
through the points of divisioa in dh to the point b» these 
lines will intersect the sides of the quadrilateral, and each 
other, in points, which will be those where the trees must 
be planted» in order to solve the problem. 

For the demonstration we might refer to prob* 24 of 
Optics» where we have shown how a quadrilateral» such 
as abcd» may be the perspective represeatation of a pan^U 
lelogram. ' We shall hbwever here repeat it». 

Through the points d and h draw the Knes d a and h 3» 
inclined to gh at an angle of 45 degrees from right to left; 
and through the points g and d two other lines» g b and 
DC, inclined also 45 degrees to gh» but in a contrary di- 
rection : these four lines will necessarily cut each other at 
right angles, and form a rectangle abcD, of which» ac- 
cording to the rules of perspective, the quadrilateral abcd 
would be the representation» to an eye situated in the point 
I, which divides ef into two equal parts, and is at a distance 
from the plane of the picture equal to i£ or if* 

Let us suppose then that the oblong abci> is divided 
into similar oblongs, by four lines parallel to its sides : these 
lines» if continued till they meet gd and dh» will divide 
them into the same number of equal parts ; and as dc and 
gab are the perspective representations of dc and Gab, 
the lines proceeding from the equal divisions of gd» and 
ending at the point f» will be the perspective represent»- 
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tiôns (^ lines parallel toab or dc. The case will be the 
same with the lines parallel to the two sides i>aandc&. 
The small quadrilaterals then formed by these lines cutting 
each other in the quadrilateral abcd, will be the perspec« 
tive pictures of the oblongs into which abcDÎs divided. 
But all the points which are in a straight Hne in the object^ 
will be in a straight line in the picture ; consequently, as 
the rows of trees planted at the angles of the divisions of 
the oblong abcr> necessarily form straight lines, both 
transversely and diagonally, their places in the quadrila- 
teral A BCD, which are the pictures of these angles in the 
oblong, will also form straight lines in the same direction ; 
for, in perspective representations, the pictures of straight 
lines are always straight lines. 

If the opposite sides ab and c d, of the given quadrila- 

.teral, be very unequal, they must not be divided into the 

same number of parts ; for in that case they would be too 

unequal, -since in a plantation of this kind the quadrilaterals 

' ought to be nearly perfect squares. For example, if one 

side ai be 100 yards, and the other 40, by dividing each 

'of them into 20, the diyisions on one side would be 5, and 

on the other 2 yards, which would form figures too ob- 

Jong. On this supposition, it would be much better to 

: divide the first into 16 and the second into 6, which would 

give divisions almost square, namely of 6^ yards in one 

•direction, and 6|. in the other, but in this case there would 

;be DO diagonal row of trees, either in the oblong a & c d, or 

.ID the proposed quadrilateral abcd. In short, by dividing 

: one of the lines on or dh into 16 parts, and the other into 

6^ all the rows of trees in the irregular figure will be 

straight lines. . . 

To have a real quincunx *, it will be sufficient, after this 
. operation, to draw, in each small quadrilateral of the plant- 

* A real quinconx ig that where there is a tree in the middle of each 
' iqiiare*; for the word fmtmnx iii«aiit ftye trees in a square, which cannot 
he amoged otbeiwiae.. ^ 

VOL. III. A A. 
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ation, two diiagbnals, and to plant a tree in the pmril 
%bere they intersect each other : all these new trees wilt 
fmrm straight lines also. 

PBOBLEM IX.. 

.To cmstnuct the frame of a roof which j without ticitamh 
shall have fio lateral thrust on the walls on which it rests. 

We have seen at Paris, in a garden of thtfauhowrg 
Saint*Honorêy a small building, in the form of a tent, the 
walls of which were only a fé,w inches in thickness, and 
which were covered by a i^oof without tie4>eiEuai8; Hie 
whole being lined in the inside, it had the real appearantis 
of a tent. It was used as a summer apartment in the daj^ 
time, and formed a^ètreat trnly delightful. 

What surprized iSoÊàit who hud any knowledge of ardii- 
tecture, was, how^the roof of this small edifice could be 
constructed without tie-beams : for however hght it might 
be, the walls were so thin, that any coomion roof mint 
have overturned them. The artifice, said to have been die 
invention of M. Amoult, superintendant tsi the theatres 
des Menus»Plaisirs, was as follows : 

Two rafters, cd and ed, pi. 3 fig. 14, resting on the two 
beams ab and ab, were strongly joined together at the 
summit d. From the angles, which these two rafters formed 
at c and e, proceeded two other pieces of timber, whidi 
were well united to the beams at f and o, to the rafters at 
H and I, and also to each other at k, by means of a double 
notch. For the sake of greater security, the pieces CD and 
FH, and ED and gi, were bound together by two cross 
pieces at l and m. It is evident that these four inclined 
pieces can have no tendency to separate, or to exert ai^ 
lateral thrust on the walls upon which the beams ab and 
a b are placed : for they cannot separate without render- 
ing the angle d more obtuse. For this purpose, it would 
be necessary that the angle k should become more obtuse 
also ; but the junctions at i and h oppose any movement 
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kind : consequeotly this frame work will rest on the 
beams ab and ab, withoift separating in any manner, and 
will exert no lateral pressure against the walls* 

It is hence evident that this artifice might be of great 
use in architecture, especially when it is required to cover 
an extensive building, the walls of which are thin, and to 
fivoid the disagreeable effect prodiiced by tie-beams, Yriusa 
iHMt concealed from the sight» 

PROBLEM X. 

, On m^êsuring arches en cul-de-fmr^ surhamsé, and sur* 

baissé. 

. The appellation of eul^-four is applied to vaults on a 
plan commonl}'^ circular, a section of which through the 
axis is an ellipsis, or as the French architects call it an anse 
ék ptnderi They àitkt from hemispherical arches in this, 
ibat in the latter the height of the summit above the plane 
-of the base is equal to the radius of that base \ while in the 
iormer.this height is gr:eater or less: if greater,. die arch 
10 '<»dled eulrde^ouT surhaussé; if less, it is called cul4e^ 
fiwr. fiurbaissf. Both these arches are represented pK é 
fig. 15 and 16. The first is an arch en ctd-^'^f our surhaussé; 
4he aecond arch en culd^fmr surbaissé. In the language 
irfjg^metry, the one is an elongated semi-spheroid, or an 
orcdiK formed by the circumvolution of a semi-ellipse around 
its greater semi-axis ; the other a semi-spheroid formed by 
iCfae circomvolution of the same semi-ellipsis about its less 



- Book^ of architecture .contain, in general, rules so false 
for measuring the. superficial content of these archesj^ diat 
.we think it necessary to give here methods more conoect* 
JluUet and Savot, for example, say that nothing is neces- 
-Mry bat to multiply the circumference of the base by the 
hdght; as if the arch to be measured were bemisphericaL 
rTèàiisan egr^ious error, and it is surprising that those 
MthocB ëid not observe that if this rule were correct^ the 

AA 2 
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superficial content of some arches en ad-de-four surbaùsi^ 
would be less than the circle covered by-them^ which is 
absurd. 

For let us suppose, by way of example, an arch of a 
foot in height, on a circle of 7 feet diameter : the area of 
this circle, according to the approximation of Archimedes, 
will be equal to 38| square feet ; but if the circumference, 
22 feet, be multiplied bj' one foot in height, we should 
have only 22 square feet ; which is not two-thirds of the 
base. In this case, the builder would be cheated of more 
than two-thirds of what he ought to recdre. We shall 
therefore give rules for measuring such arches, sufficiently 
correct to be employed in the common purposes of archi- 
tecture. 

I. For arches en cuUde-four surkamsi, or the OUong 

Spheroid. 

The radius of the base and the height of the arch being 
given, first make this proportion : As the height is to the 
radius of the base, so is the latter to a fourth term, the 
third of which must be added to two-thirds of the ra(£as 
of the base. 

Then find the circumference corresponding to a radios 
equal to that sum, and multiply this circumference by the 
height : the product will be the superficial content or curve 
surface nearly. 

Example. — Let the height be 10 feet, and the radius of 
the base 8. Then say as 10 is to 8, so is 8 to 6^ the third 
of which is 2^^: two-thirds of 8 are 5-|-, which added to 
2/x, make 7^ feet, or 7 feet 5 inches 7 lines. 

But the circumference corresponding to 7^ feet radius, 
or 1444 feet diameter, is 4644 feet, which multiplied by 10 
feet, the height of the arch, gives for product 469 j. square 
Ifeet, or 52 yards Ij- foot. 

By Bullet's rule, the superficial content would have been 
S 5 yards 7 feet ; the difierence of which in excess is 3 
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yards 6 feet, or -about a l4th of the whole ; and this in an- 
arch which does not deviate much from a hemisphere : if' 
it deviated more, the error would be considerably greater^ 

IL For arches en cul-de-four mrhaissêj or the Oblate 

Spheroid. 

The rule for these arches is nearly the same as the pre- 
ceding. Find a third proportional to the height and the 
radius of the base ; and add two-thirds of it to the radius 
of the base ; then find the circumference corresponding 
to the sum as a radius, and multiply it by the height : the 
product will be the superficial content nearly of the given 
arch. 

Let the radius of the base of an arcIwS cuMe^four sur-- 
baissi be 10 feet, and the height be 8. As 8 is to 10, so 
is 10 to 12i, two-thirds of which are 8f ; on the other 
hand, the third of 10 is 3.J., which added to the former, 
gives 11* feet. 

But the circumference corresponding to ll| feet radius, 
or 23| diameter, is 734-9 which multiplied by the height, 
that is 8 feet, gives for product 5864 feet, or 6B yards If 
foot = the superficial content of the arch. 

According to Bullet's rule the superficial content would 
have been 55 yards 7 feet ; which ihakes an error in de- 
fect of 9 yards 3f feet, or above a 6th part of the whole 
surfisMce. 

Remark. — It would be easy to give, for those who are 
geometricians, rules still more exact ; as it is well known 
that the dimensions of prolate spheroids depend on the 
measurement of a truncated elliptical or circular segment ; 
and that of the surface of an oblate spheroid, on the 
measurement of an hyperbolical space ; consequently the 
former may be determined by means of a table of sines 
and circular arcs, and the other by employing a table of 
logarithms. 

In regard to the method above given, it is deduced firom 
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the same principles ; but by considering a segment of a 
circle or hyperbola of a moderate extent, as a parabolic 
area, which when this segment forms but a small part of the 
space to be measured, is liable only to a very small error: 
in many cases this consideration supplies practical rules 
exceedingly convenient. 

Some surchitects may perhaps ask : Of what advantage 
is it to be able to ascertain with precision the superficial 
content of these domes, as a few yards more or less can be 
of little importance ? But it may be said in reply, that for 
the same reason, accurate measurement in general is of 
little utility. To such persons it is of no consequence that 
Archimedes has demonstrated that the surface of a hemi- 
sphere is ecjual to that of à cylinder of the same base and 
height; dr, to speak : according to their own teras^ that 
the surface of a hemispherical arch is equal to the product 
of the circumference of the base by the height, if they 
employ, in regard to the arches in question, rules so er- 
roneous, it is because; the}' consider them as exact, and 
because they have been taught them by people so ignorant 
of geometry, as not to be able to give them better ones. 

PROBLEM XI. 

To measure Gothic or Cloister arches^ and arches {Taréie, or 

Groin Arches. 

It frequently happens that on a square, an obiong, or 
polygonal space or edifice, an arch vault is raised, con- 
sisting of several berceaux or vaults, which commencing 
at the sides of the base, unite in a common point as a sum- 
mit, and form in the inside as many re-entering angles or 
groins, as there are angles in the figure which serves as a 
base. These arches are called arcs de clcitre^ cloister 
arches. Â representation of them is seen fig. 17 ph 4. 

But if the space or edifice, a square for example, be 
covered with two berceaux or vaults, (fig. 18), which seem 
to penetrate each other, and which form two ridges or re- 
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Catering angles, intersecting each other at the. smnmit of 
the vault, such an arch is called an arch d*aréte,,ot a groin 
^rch . The most remarkable properties of these arches are 
ft» follow. 

Ist. The superficial content; of every circular cloister 
arch, on any base, whether square or polygonal, is exactly 
doable that of the base, in- the same piannçr as tl^ super- 
ficial content of a hemispherical arch, or sqrçh en ctiUde^ 
four or en plein çeintrCy is double that of the circular base. 
; X% may indeed, be said, that a hep^i^beriçal arcb i;s only 
m cloister arch on s^polygoa of. an infinite number of 
•ides» 

. When the superficial contcfnt therefore of such an arch is 
to be çneasuredf nothing will be necessary but to double 
the surface of the base, provided the berceaux be en pkm 
cemire, or a complete semi-circle ; for if they are greater 
or less, they will have to the base^ the same ratio th^t ^n 
arch en cuUde-four surhamsi^ or surbaissé, has to the circle 
of its base. 

£d. A cloister arch, and a groin arch oil a square, form 
togeth^ the two complete berceaux ox vaults, raised upoii 
that square. 

This may be readily seen in fig^ 19. Therefore if from 
two berceaux or vaults, the cloister arch be dedqcted, there 
will remain the groin arch, which in this case gives a 
siQiple method for measuring groin arches ; for if the 
iiup^rficial contend pf the cloister arch be si^btracted from 
the superficial content of the two vaults, the remainder 
vill be that pf the groipf 

Jf the ba^, for example,, be 14 feçt ip both directions, 
the circumference of the semi-circle of each will be 2^ feet, 
jfeud the superficial content will be 22 by 14 or $08 square 
feet; consequently thp superficial content of both (he 
berceaux will be 616 sqpare feet. But the interior surface 
iji the gothic arch is twice the base, or twice 196, that is 
d82 i and if this qumber be subtr^ted frpm 616» wq i^all 
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"have 224 square feet, for the su{>erficialt contest ^f the 
groin arch. 

Sd. If the solid content of the interior of such an arch 
^ be required. Multiply the base by two-thirds of the heights 
This is evident from the reason already given in regard 
to the superficial content ; for arches of this kind, both in 
regard to their solidity and superficial content, are to a 
prism of the same base and height, in the same ratio as the 
hemisphere to the circumscribed cylinder^ 

4th. The solidity of the space contained by a groin aich 
on a square or oblong plane, is ^^ of the solid having the 
same base and height, supposing the approximate ratio of 
the diameter of the circle to the circumference, to be as 7 
to 22. This may be easily demonstrated also, by observ» 
ing, that the interior solid of such an arch, is equal to the 
sum of the two vaults or demi-cylinders, minus once the 
solidity of the cloister arch, which is twice comprehended 
in this double, and consequently ought to be deducted. 

PKOBLEM XII. 

Hffw to construct a wooden bridge of 100 feet and niore m 
lengthj and of one arch^ with pieces of timber^ none of 
which shall be more than a few feet in length. 

We shall here suppose, that the pieces of timber in* 
tended for a bridge of this kind, are 12 or 14 inches 
square, and only about 12 feet in length; or that par* 
ticular circumstances have prevented rows of piles from 
being sunk in the bed of the river, to support the.beam» 
employed in constructing the work. In what manner must 
the architect proceed to build the bridge, notwithstanding 
these difficulties ? 

The execution of this plan is not impossible : for it might 
be accomplished in the following manner. First trace out, 
on a large wall, a plan of the projected bridge, by de- 
scribing two concentric arches at such a distance from 
each other, as the length of the pieces of timber to be em* 
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j^loyed will admit ; which we shall suppose, for example, 
to be 10 feet, giving them the form of an arc of 90 degrees 
from one pier to another : then divide this arc into a cer- 
tain number of equal parts, in such a manner, that the arc 
of each sbail not exceed 5 or 6 feet. 

On the supposition here made, of the distance of 100 feet 
between the two piers, an arc of 90 degrees which covers 
k would be 110 feet in length, and its radius would be 70 
feet. Divide then this arc into 22 equal parts, of 5 feet 
each, and with the above pieces of timber, joined together, 
form a kind of voussoirs, 8 or 10 feet in height, 5 feet in 
bt*eadtb at the intrados, and 5 feet, 8 inches 6 lines at the 
extrados ; for such are the proportions of theise arcs, ac-* 
cording to the above dimensions. Fig. 20 represents one 
of these voussoirs, which, as it is evident, consists of four 
principal pieces of strong timber, at least 10 inches square, 
which meet two and two at the centre of their respective 
arcs; of three principal cross bands at each face, as ac, 
BD, BP, ar, bd^ e/, which must be exceedingly strong, 
and therefore ought to be 12 or 14 inches in height, and. 
10 inches in breadth ; and, lastly, of several lateral bands, 
between the two faces, to bind them together in different 
directions, and to prevent them from giving way. A 
yooss(»r of this kind may be about 6 feet in length, that 
is between the two faces aefb and a efb. 

An arch must then be formed of these voussoirs, exactly. 
in the same manner as if they were stone, and when they 
ate all arranged in their proper places, the different pieces 
may be bound together according to the rules of art, either 
with pins or braces. Several arches or ribs of this kind 
must be formed, close to each other, according to the in- 
tended breadth of the bridge ; and the pieces may be bound. 
together iii the same manner as the first, so as to render 
the whole tttxn and secure. By these means we shall have 
a wooden bridge of one arch, which it would be very diffi- 
cult to construct in any other mannéf . 
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. It now remains to be examined whether these ¥Ouss<hi9 
will have sufficient strength to resist the pressure which 
they will exert on each other. The following caloulatioo 
will show that there can be no doubt of it* 

It appears from the expericùents of Muschenbroeck^i 
and the theory of the resistance of bodies^ that a piece of 
oak 12 inches square, and 5 feet in length, can sustaio 
in an upright position, without breaking, 264 thousand 
pounds ; hence it follows that a cross band, as AG or sf, 
5 feet in length and 12 inches by 10, can support 28OOOO4 
but for the greater certainty we shall reduce this weight 
to 150000: therefore, as we have six bands of this length, 
a few inches more or less, in each of these voussoirs, it it 
evident that the efibrt which one of these youssmrs is ca« 
pable of sustaining, will be at least 900 thousand poiindk 
Let us now examine what is the real effort to be resisted* 

We have found, by calculating, the absolute weight of 
such a voussoir, and even supposing it to be considerably 
increased, that it will weigh at most between 7 and 8 
thousand pounds or 1500. The weight then resting on 
one of the piers, most loaded, having 10 voussoirs to sup- 
port, will be charged only with the weight of 75000 pounds; 
a weight however which, on account of the position of the 
Voussoirs, will exert a pressure of 1 15000 pounds ; \^xkt we 
shall suppose it to be even 120000. There is reason ther^ 
fore to conclude, from this calculation, that such a bridge 
would not only have strength to support itself, but also, to 
bear, without any danger of breaking, the most ponderous 
^ burthens : it even appears that it would not be necessary 
to make the pieces of timber so strong. 

If the expence of such a bridge be compared with that 
attending the common method, it will perhaps be found 
to be much less ; for one of these voussoirs would contain 
no more than 140 or 150 square feet of timber, which at 

» • 

* Essais de Physique, toK i. cha|>*ii. 
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tee' rate of 2sh. per foot, would be only 15<£^ so that the 
Sà2 voussoirs, of one course or lib, would cost S30c£ ; con- 
sequently, if we suppose the breadth of the bridge to 
consist of four courses or ribs, the whole would amount 
only to 1390^» It must indeed be allowed that to com- 
plete such a bridge, other expences would be required ; 
)but the object here proposed, was to show the possibility 
of constructing it, and not to calculate the expense. 

The idea of such a bridge first occurred to me in conse- 
quence of a dangerous passage I met with in the province 
of Cuscoy in Peru ; where I was obliged to cross a torrent, 
that flows between two rocks, about 125 feet distant from 
each other, and more than 150 feet in height. The in- 
habitants of the country have constructed there a Traoita'^^ 
where I was in danger of perishing. When I arrived at 
the next village, I began to reflect on the best means of 
constructing in this place a wooden bridge, and I contrived 
the above expedient. I proposed my plan to the Cor« 
regidor, Don Jayme Alonzo y Cuniga, a very intelligent 
flian, who, being fond of the French, received me with 
great politeness. He approved of my idea, and agreed 
that, at the ex pence of a thousand piasters, a bridge of 12 
feet in breadth, which all Peru would come to see through 
euriosity, might be constructed in that place. But as I 
^et t>tit three days after, I do not know whether this pro^ 
jeet, with which this worthy man seemed highly pleased, 
was ever carried into execution. 

It may here be remarked, that it would be easy to 

: * This is an Indian bridge, the very idea of which is enough to make one 
fhndder. A man is placed in a large basket, fastened by a pulley to a rope 
wftich IS extended from the one side of a torrent to the other. The basket aàd 
fope are both constructed of those creeping plants, which the Inhabitants of 
America employ in almost all their works. As soon as the man has got into 
the machine, it is drawn over to the opposite side, by means of a rope 
&stened to the pulley. If the rope, used for dragging over the machine, 
•honld break, the man must remain suspended for some hours, until means 
IMM been found to reliefe bun from his painful situation. 
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arrange the voussoirs of a bridge of this kind, in such a* 
manner that, in case of necessity^ any one of them might' 
be taken out, in order to substitute another in its stead ; 
which would afford the means of making all the necessaty 
repairs. 

PROBLEM XIII. 

1$ it possible to construct a Plat-band, or Frame, which shall 

have no lateral thrust ? 

It would be of great advantage to be able to execute a 
work of this kind ; for one of the obstacles which architects 
experience, when they employ columns, arises from the 
thrust of their architraves, which requires that the lateral 
columns should be strengthened by different means. This 
embarrassment they are particularly liable to, whes they 
make detached porches to project before an edifice, like 
that of Sainte-Genevieve : the two frames, that of the face 
and the side, exert such a push on the angular column or 
columns, that it is very difficult to secure thetn ; and it is 
even sometimes necessary to renounce them, if stones 
cannot be found sufficiently large to make architraves of 
one piece, from column to column, at least in the spaces 
nearest the angles. 

' These difficulties would be obviated, if frames could be 
made without any thrust. This we do not think impossible; 
and we propose the problem to architects in the hope that 
some of them will be able to solve it. 

PROBLEM XIV. 

Is it a perfection, in the Church of St. Peter at R<mie, that 
those who see it, for the first time, do not think it so large 
as it really is; and that it appears of its real magnitude 
after they have gone aver it? 

Though we announced, in the beginning of this work, 
that we meant to exclude from it whatever was mere 
matter of taste ; as the above question is connected with 
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physical and metaphysical reasons, we are of opinion that 
it may be admitted. 

The impression which the church of St. Peter at Rome 
makes, on the first view, has been boasted of as a per- 
fection. Every person, as- far as we have heard or readj 
who enters this edifice, for the iir^t time, conceives the 
extent of it to be far less than it is generally accounted to 
be by public report. To have a just idea of its grandeur, 
one must have seen, and in some measure studied, every . 
part of it. 

Before we venture to say any thing decisive on this 
subject, it may perhaps be of some use to examine the 
causes of this first impression. In our opinion, it arises 
from two sources. 

The first is the small number of principal parts into 
wluch this immense edifice is divided ; for, from the 
entrance to the middle, which constitutes the dome, there 
are only three lateral arcades. But^ though dividing a 
large mass into many small parts tends, in general, to 
diminish its effect, there is still a medium to be observed ; 
and it appears to us that Michael Angelo \eçt too far 
-below it. 

The second cause of the impression which we here ex- 
4 amine, is the excessive size of the figures and ornaments, 
.which serve as appendages to the principal parts. We 
can indeed judge of the size of objects beyond our reach, 
only by comparing them with neighbouring objects, the 
dimensions of which are familiar to us. But if these ob- 
jects, the dimensions of which are known, or are nearly 
.given by nature, accompany others to which they have a 
.ratio that approaches too near to equality, it must neces* 
.sarily follow that the latter, in the imagination of the 
spectator, will lose a part of their magnitude. Such is the 
case with the. church of St. Peter at Rome: the figures 
placed in niches, which decorate the spaces between the 
pillars of the arçadçs^: those between the pilasters and 



those which ornament the tympana of the lateral areacleii 
are truly gigantic ; but they are human figures ; they are 
besides, for the most part, raised very high; consequently 
they appear less, and make the principal parts which ihqr 
accompany to appear less also. 

By some people, this illusion is considered to be a 
master-piece of the art and genius of the celebrated 
architect, the principal author of this monument. SbaXk 
we be permitted to differ from them i For what » the 
object which the constructors of this immense edifice ha^ 
in view; and which will be the aim of all those wbo raise 
edifices that exceed the usual measures f Doubtless to 
excite astonishment and admiration. We are convinced 
that Michael Ângelo would have been much mortified| 
j)^ he beard a stranger, just arrived at Rome, aad enters 
ing St. Peter's for the first time, say publicly: *^ This is 
the church respecting the immensity of which we hare 
heard so much : it is a large building ; but not so larige as 
generally reported," 

In our opinion, it would display much more ingenuity to 
construct an edifice which, though of a moderate sizei 
should immediately excite in the mind the idea of considep- 
able extent; than to construct an immense one which, on 
the first view, should appear of a moderate size. We do 
not think that on this subject there can be any difference 
of opinion. Whatever then may be the perfection, which 
it must be allowed the church of St. Peter possesses, so far 
as harmony of proportion, beauty and magnificence cf 
architecture, are concerned, we are of opinion that Michad 
Angelo missed his aim in regard to the object in question; 
and it is probable that he would have approached mudi 
nearer to it, bad he employed less gigantic appendages. 
If the children, for example, which support the bénùiers* 
had been of less size; if the figures which accompany the 

• Beaitien are vaMs fiMr4ialdiag liiily«witer. 



|iV<44vàults of hb lateral arcades, as well as those which 
decorate the niches between the pilasters^ had been on a 
scale not so enormous, a comparision of the one with the 
other would have made the principal parts appear much 
^eater. Those who turn their eyes from these gigantic 
pbjects, and direct them towards a man near the. middle, or 
»t the e:stremity of the church, experience this efiect: it 
if» tiien, by comparing their own size with that of the 
.princi^ parts of the edifice in the neighbourhood, that 
they begin to form an idea of its extent, and are struck 
with astonishment; but this second impression is the effect 
of a sort of reasoning, and the sensation, when produced 
in this manner, has not the same en^gy, as when it. is the 
^ect of a first view. 

. While we are on this subject, we shall take the liberty 
of o0ering a few observations on the means of enlarging, 
as we may say, any space by the help of the imagination. 
In our opinion, nothing contributes more to produce this 
effect, than insulated columns; that is to say, columns 
not regularly connected; for, when coupled or grouped, 
they always produce this effect more or less, though k 
would doubtless be much better to employ them single. 
The result is, that every time the spectator changes Ub 
position, different openings occur ; and a variety of aspects 
which astonish and deceive the imagination. 

But when columns are employed, they ought to be large; 
for in the same degree as they have a majestic appear- 
ance when constructed on a grand scale, they are, in our 
opinion, mean and diminutive when sinall,-and particularly 
when supported on pedestals. The court of the Louvre, 
though in other respects beautiful, would have a much 
more striking effect, if the columns, instead of being 
mounted on meagre pedestals, rose from the ground sup- 
ported merely by a socle, like those in some of the vesti- 
bules of that palace. One might almost say, and there is 
some reason to think, that pedestals were invented to 
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render fit for use columns collected at hazard^ and which 
have not the requisite dimensions. 

If Michael Angelo then, instead of forming his lateral 
spaces of immense arcades supported by pillars, decorated 
with pilasters, had employed groupes of columns ; if in- 
stead of placing only three rows of lateral arcades, between 
the entrance and the part of the dome, he had placed a 
greater number, which this arrangement would have allow- 
ed him to do; and if the figures employed amidst this 
decoration had not far exceeded the natural size, we enter- 
tain no doubt that the spectator would have been struck 
with astonishment on the first view, and that the edifice 
would have appeared much larger. 

But it is to be observed, at the same time, that the know- 
ledge which we now possess, in regard to the resistance of 
materials, and the philosophy or mechanical part of archi- 
tecture, was not known at the time when Michael Angelo 
lived. It is probable that he durst not venture to load 
columns, even when grouped, with a weight so consider- 
able as that which he had to raise upon these pillars. But 
it is proved, by late experiments in regard to stones, that 
there is no weight that an insulated column, six feet in 
diameter, made of very hard stone, well chosen and pre- 
pared, is not capable of supporting. Our ancient churches, 
called improperly gothic, are a proof of it ; for there are 
some of them, the whole mass of which rests on pillars 
scarcely six feet in diameter, and often less: they there- 
fore in general convey an idea of extent, which the Greek 
architecture} employed in the same places, does not 
excite. 
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Containing the most curious and amusing operatiom in 

regard to Pyrotechny. 

Why it has been usual to consider pyrotechny as a 
branch of the mathematics, we do not know. The least 
reflection will readily show, that it is an art by no means 
mathematical, though dimensions, proportions, &c, are 
employed in it. There are a great number of other arts 
which have a much better clain\ to be included among 
these sciences. 

However, as we might be blamed for omitting an art 
which affords a considerable field for amusement, and as 
it is connected, at least, with natural philosophy, we shall 
make it the subject of one of the divisions of this work. 
But as we do not intend to give a complete treatise, o(f 
pyrotechny, we shall confine ourselves to those, parts 
which are most common and most curious : we shall also 
avoid every thing that relates to the fatal art of destroying 
men. We oan see no amusement in the motion of a bullet^ 
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which carries off files of soldiers, nor in the actioD of * 
bomb or shell that sets fire to a town^ The precedii^ 
editors and continuators of Ozanam, seemto have possessed 
a very military spirit, if they considered all these things 
as harmless recreation. For our part, having imbibed 
other principles in that happy country, Pennsylvania, we 
shudder even at the idea of introducing such atrocities 
under the form ol amusement. 

Pyrotechny, as we consider it in this work, is the art of 
managing fire, and of making, by means of gunpowder 
and other inflammable substances, various cwnpositionsy 
agreeable to the eye, both by their form and their splea- 
doar. Of this kind, are rockets, serpents, sheaves q{ fire^ 
fixed or revolving suns, and other pieces employed in 
decorations and. fire^works. 

Gunpowder being the most common ingredient in pynM 
techny, we shall begin with an account of its compositioik 

' ABTICLE I. 

Of Gunpowder. 

Gunpowder is a composition of sulphur, saltpetre, and 
pounded charcoal : these three ingredients mixed together, 
in the proper quantities, form a substance exceedingly in- 
flammable^ and of stR^b a nature, that the discovery of it 
could be owing only to chance. A single spark is suflicient 
to inflame, in an instant, the largest mass of this compo» 
sition. The e;^pansion, suddenly communicated either to 
the air, lodged in the interstices of the grains of which it 
consists, or to the nitrous acid which is one of the elements 
of the saltpetre, produces an effort which nothing caA 
resist ; and the most ponderous masses are driven beCne 
it with inconceivable velocity. We must however observa 
that this invention, to which the epithet oidUbottcaliA firo^ 
quently applied, is not so destructive to the human race i* 
it might at first appear : battles seem to have been attend* 
ed with less slaughter since gunpowder b^^aa to be used 9 



lÉiâ, as is remarked by the celebrated Marshal Saxe, the 
noise and smoke produced by fire arms, during a battle, 
a^ more terrible than the execution they make. We 
must however except cannon when well directed: but let 
us return to our subject, and give an account of the process 
for making gunpowder. 

Sulphur is found ready formed, and almost in its last 
degree of purity, in volcanic productions. It is found 
also, and much more frequently, in the state of sulphuric 
acid ; that is to say combined with oxygen : it is in this 
state that it is found in argil, gypsum, &c. It may be 
extracted likewise from vegetable substances and animal 
matters; 

To purify sulphur, melt it in an iron pau; by which 
means the earthy and metallic parts will be precipitated; 
and then pour if into a copper*kettle, where it will form 
~iHiH>ther deposit of the foreign matters, with which it i» 
qdixed. After keeping it in fusion some time, pour it into 
cyiindric wooden moaids, in order that it may be formed 
into sticks. 

Saltpetre, or, as it is called in the modern cbemistryt 
nitrate of potash, exists in a natural state, but in small 
quantities. It is found sometimes at the sur&ce of the 
grouûd, as in India, and sometimes on tlie surface of cal« 
oareoos wsJls, the roofs of cellars, under the arches of 
biid^, &c. 

To extract the saltpetre from the lime of walls, or other 
earths impregnated with it, the earths are put into casks, 
jdaced on timbers, and water is poured over them to the 
height of about three inches. When the water has re<« 
laained in that state five or six hours, it is suffered to run 
off. by apertures made in the bottom of the casks, from. 
m^îcb it fails into a gutter that conveys it to a common, 
reservoir sunk in the earth. When the sediment has beea 
diqxMitood, the clear liquor is drawn off into a proper vessel| 
ifli ord^r to be^vaporsMdr^ ■ 

B B 2 
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' When the liqdor is in a state àf ebullition) in proporâcé 
as it evaporates, there is precipitated calcsureous eartli^ 
and then muriate of soda. To know when it is suflSbiently 
evaporated, put a drop of it on a piece of cold iron, and il 
it becomes fixed, and assumes a white solid globolar form, 
it is time to slacken the fire. The liquor must then be left 
at rest for twenty-four hours, after which it is run off, and 
set to crystallize. 

It is needless to describe charcoal, as it is every where 
known. We shall only observé, that the charcoal found 
by experience to be fittest for the composition ©f gunpow- 
der, is that made fromt the alder, willoift, or black dog- 
wood. 

' To make gunpowder, mix together 6 parts of pounded 
nitre, well purified, 1 part of pounded sulphur, exceed^ 
ingly purê7 and 1 part of pounded charcoal, adding a 
quantity of water sufficient to reduce them to a soft paste. 
Put the whole into a wooden or copper mortar, and witk 
a pestle of the same materials, to prevent inflammatiooV 
pound these ingredients for £4 hours, to mix them tho- 
roughly; taking care to keep them always moderately 
moist. When they are well incorporated, pour the mass 
upon a sieve pierced with small holes of the size which 
you intend to give to the grains of the powdet. If it be 
then pressed, shaking the sieve, it will pass through in 
grains, which must be dried in the sun or over a stove 
without fire. When dry, it ought to be put into vessels 
capable of preserving it from moisture. 

Every one knows that, in consequence of the great con- 
sumption of gunpowder, certain machines, called powékr 
millSy have been invented. These machines consist of a 
beam turned by means of a water wheel, and furnished 
with a great number of projecting arms, which raise up 
and let fall in succession a series of pestles or stampers, 
biplow which are placed copper vessels or mortars contsdn- 
ing the matter to be pounded and incorporated. These 
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viills howerer are exceedingly disagreeable neighbours ; 
for notwithstanding the precautions taken, there are few 
of them which do not some time or other blow up. On 
this account they ought always to be erected at a distance 
from towns or dwellings* 

As the enlarged state of éhemistry has introduced some 
improvements in the art of making gunpowder, we shall 
here, in addition to what has been above said, give tb^ 
following account of the process employed for this pur- 
pose in some of the English manufactories^ 

Gunpowder is made of three ingredients: salt-petr^ 
charcoal, and brimstone; which are combined in the fol- 
lowing proportions : for each 100 parts of gunpowder*, 
saltpetre 75 parts, charcoal 15, and sulphur 10. 

The saltpetre is either that imported principally from 
the East Indies, or that which has been extracted from dar 
inaged gunpowder* It is refined by solution, filtratioii^ 
eyaporation, and crystallization ; after which it is fused; 
taking care not to use too much heat, that there may be 
no danger of decomposing the nitre. 

The sulphur used, is that which is imported from Sicily, 
and is refined by melting and skimming ; the most impure 
is refined by sublimation. 

The charcoal formerly used in this manufacture, was- 
made by charring wood in the usual manner. This mode 
is called charring in pits. The wood is cut into pieces of 
about three feet in length ; it is then piled on the ground^ 
in a circular form, three, four, or five cords of wood making 
what is called a pit, and then covered with straw, fern, &ç« 
kept down by earth or sand ; and vent-holes are made, as 
may be necessary, in order to give it air. As this method 
is uncertain and defective, the charcoal now used in the 
manufacturing of gunpowder, is made in the following 
manner. The wood to be charred is first cut into pieces 
of ^out n^ne inches in length, and put into an iron cyliq- 
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der placed horizontally. The front aperture of the cylitf^ 
der is then closely stopped : at the other end there are 
pipes connected with casks. Fire being made ander the 
cylinder, the pjnro-ligneous acid, attended with a large 
portion of hydrogen gas, comes over. The gas escapes, 
and the acid liquor is collected in the casks. The fife is 
kept up till no more gas or liquor comes orer, and the 
carbon remains in the cylinder. 

The several ingredients, being thus prepared, are ready 
for manufacturing. They are first ground separatdy to a 
fine powder ; they are then mixed together in the proper 
proportions ; and the composition in this state is sent to 
the gunpowder mill, which consists of two stones placed 
vertically, and running on a bed-stone. On this bedstone 
the composition is spread out, and moistened widi as small 
a quantity of water as will reduce it to a proper body, but 
not to a paste : after the stone runners have soade the pro* 
per revolutions over it, it may then be taken off. 

A powder mill is a slight wooden building, with a 
boarded roof. Only about 40 or 50 lb. ef composition is 
worked here at a time, as explosions may happen by the 
runners and bed-stone coming into contact, and even from 
other causes. These mills are worked either by water or 
By horses. 

The composition, when taken from the mill, is sent to 
the corning house, to be copied or grained. Here it is 
first formed into a hard and firm mass, it is then broken 
into small lumps, and afterwards grained, by these lumps 
being put into sieves, in each of which is a flat circular 
piece of lignum vitse. The sieves are made of parchment 
skins, having round holes punched through them. Se^ 
veral of these sieves are fixed in a frame, which by proper 
machinery has such a motion given to it, as to make the 
lignum vit» runner in each sieve go round with great ve- 
locity, so as to break the lumps of powder, and by forcing 



It through the holes to form it into gndns of several siaset. 
The grains are then separated from the dust by sieves and 
veels made for that purpose. 

The grains are next hardened, and the rougher edges 
are taken off by shaking them a sufficient time in a close 
ireel, mored in a circular direction with a proper velociQr. 

The powder for guns, mortars, and small arms, is gene» 
rally made at one time, and always of the same composi- 
tkm. The only difference is in the size of the grains, 
irhich are separated by sieves of different fineness. 

The gunpowder thus corned, dusted and reeled, which 
is called glazing, as it gives it a small degree of gloss, is 
then sent to the stove and dried ; care being taken not to 
raise the hçat so much as to decompose the sulphur. The 
beat is regulated by a thermometer placed in the door of 
the stores, if dried in a gloom-stove*. 

A gunpowder stove dries the powder either by steam or 
by the heat from an iron gloom, the powder b^ng spread 
out on cases, placed on proper supports around the room* 

If gunpowder is injured by damp in a small degree, it 
may be recovered by again drpng it in a stove ; but if the 
ingredients are decomposed, the nitre must be extracted^ 
and the gunpowder re-^manufactured. 

There are several methods of proving and trying the 
goodness and strength of. gunpowder. The following is 
one by which a tolerably good idea may be formed of its 
purity, and also some cohclusion as to its strei^th. 

Lay two or three small heaps, about a dram or two of 

* TbiB kind of stove coositts àt a large catt»iron vetse!, projecting Into 
#ne side of a room, and heated from the outside, till it abaolutdy glowi«t 
T^om the construction it is hardly pof sible that fire can be thrown from tho 
gloom, as it is called; but stoves heated by steam passing through steaai* 
tight tubes, or otherwise, ought certainly to be preferred ; for the most oau- 
tions workman may stmnUe, and if he has a case of powder in his hmnd^ 
flOBM of it may be thrown upon the gloom ; and it is not improbable that 
fome of the accidents which have happened to powder mills may hme been 
lioncd in this manner. 
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die powder, on separate pieces x>f clean writing paper | 
fire one of them by a red hot wire ^ if the flame ascendift 
rapidly^ with a good report, leaving the paper free from 
white specks, and without burning holes in it; and if 
qparks fly off and set fire to the adjoining heaps, the good- 
ness of the ingredients and proper manufacture of the 
powder may be safely inferred ; but if otherwise, it is 
either badly made, or the ingredients are impure. 

The editor of this English edition of the Recreations, has 
been fortunate enough to succeed in constructing the most 
convenient and most accurate eprouvette that has perhaps 
eyer been contrived, for accurately determining the com- 
parative strength of gunpowder. It consists of a small 
cannon, or gun, suspended freely, like a pendulum, with 
the axis of the gun horizontal. This being charged with 
the proper charge of powder, and then fired, the gun 
•wings, or recoils backward, and the instrument itself 
ibows the extent of the first or greatest vibration, which 
indicates the strength to the utmost nicety. 
^ Having thus given an account of almost every thing ne- 
cessary to be known in regard to the process for making 
gunpowder, we shall now say a few words respecting the 
physical causes of its inflammation and exploding. 

Gunpowder being composed of the above ingredients, 
when a spark, struck from a piece of flint and steel, falls 
on this mixture, it' sets fire to a certain portion of the 
charcoal, and the inflamed charcoal causes the nitre with 
which it is mixed or in contact to detonate, and also the 
sulphur, the combustibility of which is well known. Por- 
tions of the charcoal contiguous to the former take fire in 
}ike manner, and produce the same effect in regard to the 
surrounding mass : thus the first portion inflamed, inflames 
a hundred others ; these hundred communicate the inflam- 
mation to ten thousand ; the ten thousand to a million, and 
so on. It may be easily conceived that an inflammation, 
the progress of which is so rapid, cannot fail to extend it^ 
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pelf in the course of a very short time^ from thé one extr^ 
mity to the other of the largest mass* 

We shall observe in support of this inflammationy that 
granulated powder inâames with much more rat)idity than 
that which is not granulated. The latter only puffs away 
#lowly, while the other takes fire almost instantaneously; 
and of the granulated kinds of gunpowder, Uiat in round 
grains, like the Swiss powder, inflames sooner than that ui 
oblong irregular grains, like the French. The reason of 
ibis is, that the former leaves to the flame of the grains, 
first inflamed, larger and freer interstices, which produce 
^e inflammation with more rapidity. 

In regard to the expansion of inflamed gunpowder, is i^ 
occasioned by the air interposed between its grains, or by 
the aqueous fluid which enters into the composition of thf 
nitre ? We doubt much whether it be the air, as its ex* 
pansibility does not seem sufficient to explain the phenome^ 
non ; but we know that water when converted into vapour 
by the contact of heat, occupies a space 14000 times 
greater than its original bulk, and that its force is very 
considerable. 

In the foregoing account however Montucla seems tp 
have missed the true cause of the expansive' force of fired 
gunpowder, the discovery of which is chiefly due to the 
English philosophers, and particularly to the learned and 
ingenious Mr. Robins. This author apprehends that the 
force of fired gunpowder consists in the action of a perma- 
nently elastic fluid, suddenly disengaged from the powder 
by the combustion, similar in some respects to common at* 
mospheric air, at least as to elasticity. He showed, by 
satisfactory experiments, that a fluid of this kind is actually 
disengaged by firing the powder ; and that it is perma^ 
ntiUhf elastic, or retains its elasticity when cold, the force 
of which he measured in this state. He also measured tbf 
force of it when inflamed, by a most ingenious method, and 

found its strength in that state to be about a thousand tiooi^ 

■ s • ■ 
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the strength or elasticity of common atmospheric ain Thtlf 
however is not its utmost degree of strength, as it is found 
to increase in its force when fired in larger quantities than 
those employed by Mr. Robins ; so much so indeed^ that, 
1^ more accurate and e£Pectual experiments^ we have 
found its force rise as high as 1600 or 1800 times the force 
of atmospheric air in its usual state. Much beyond th'is it 
is not probable it can go^ nor indeed possible, if there be 
any truth in the common and allowed physical principles 
of mechanics. With an elastic fluid, of a given force, we 
infallibly know, or compute the eflects it can produce, in 
impelling a given body; and on the other hand, from the 
effects or velocities with which given bodies are impelled 
by an elastic fluid, we as certainly know the force or 
strength of that fluid. And these eflècts we have found 
perfectly to accord with the forces above mentioned. If 
any gentleman therefore thinks he has discovered that fired 
gunpowder is 50 or 60 times as strong, as above stated, he 
must have been deceived by mistaking or misapplying his 
own experiments ; and we apprehend it would not be dif<» 
ficult, if this were the proper place, to show, that this has 
actually been the case. 

Mr. Robins's discovery and opinion have also been cor- 
iroborated by others, among the best chemists and philoso- 
phers. Lavoisier was of opinion that the force of fired 
gunpowder depends, in a great measure, on the expansive 
force of uncombined caloric, supposed to be let loose, in 
a great abundance, during the combustion or deflagration 
of the powder. And Bouillon Lagrange, in his Course of 
Chemistry, says, when gunpowder takes fire, there is a dis- 
engagement of azotic gas, which expands in an astonishing 
manner, when set at liberty ; and we are even still igno- 
rant of the extent of the dilatation occasioned by the heat 
arising from the combustion. A decomposition of water 
also takes place, and hydrogen gas is disengaged with 
elasticity; and by this decomposition- of water there is 
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formed carbonic acid gas, and even sulpharated hydrogen 
gas, which is the cause of the smell emitted by burnt pow-* 
der. 

Remarks.— -I. It is ridiculous therefore to believe in 
the existence of white gunpowder; that is, a kind of pow- 
der which impels a ball without any noise ; for there can 
be no force without sudden expansion, nor sudden expan« 
ilion without a concussion of the air, which produces 
sound. ^ 

II. It was childish to give precepts, as in the preceding 
editions of this work, for making red, blue, green, fcc, 
gunpowder ; as they could answer no good purpose* 

We shall now proceed to our principal object, the coii<^ 
Btructidn of the most common and curious pieces of flre-^ 
works. 

AKTICLE II. 

Construction of the Cartridges of Rockets. 

A rocket is a cartridge or case made of stiff paper, which 
being filled in part with gunpowder, saltpetre, and char-" 
coal, rises of itself into the air, when fire is applied to it. 

There are three kinds of rockets : small ones, the calibre 
of which does not exceed a pound bullet ; that is to say, 
the orifice of them is equal to the diameter of a leaden 
bullet which weighs only a pound : for the calibres, or ori- 
fices of the moulds or models used in making rockets, are 
measured by the diameters of leaden bullets. Middle 
sized rockets, equal to the size of a ball of from one to 
three pounds. And large rockets, equal to a ball of from 
three to a hundred pounds. ♦ 

To give the cartridges the same length and thickness, in 
order that any number of rockets may be prepared of thé 
same size and force, they are put into- a hollow cylinder 
of strong wood, called a mould. This mould is sometimes 
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of metal ; but at any rate it ought to be made of some vetj 
bard wood. 

This mould must not be confounded with another piece 
of wood, called the former or roller^ around which is rolled 
the thick paper employed to make the cartridge. If the 
calibre of the mould be divided into 8 equal partsf, the di^ 
ameter of the roller must be equal to 5 of these parts. See 
fig. 1 pi. 1, where a is the mould, and b the roller. The 
vacuity between the roller and the interior surface of the 
mould, that is to say -f of the calibre of the mould, will be 
exactly filled by the cartridge. 

As rockets are made of different sizes, moulds of differ* 
ent lengths and diameters must be provided. The calibre 
of a cannon is nothing else than the diameter of its mouth; 
and we here apply the same term to the diameter of thi^ 
aperture of the mould. 

The size of the mould is measured by its calibre ; but 
the length of the moulds for different rockets^ does not al« 
ways bear the same proportion to the calibre, the length 
being diminisliAl as the calibre is increased. The length 
of the mould for small rockets ought to be six times the 
caUbre, but for rockets of the mean and larger size, it will 
be suflicient if the length of the mould be five times or even 
four times the calibre of the moulds. 

At the end of this section we shall give two tables, one 
of which contains the calibres of moulds below a pound 
bullet ; and the other the calibres from a pound to a hun- 
dred pounds bullet. 

For making the cartridges, large stiff paper is employed. 
This paper is wrapped round the roller b, fig. 1 pi. 1, and 
then cemented bjf means of common paste. The thickness 
of the paper when rolled up in this manner, ought to be 
about one eighth and a half of the calibre of the mould, ac- 
cording to the proportion given to the diameter of the 
roller. But if the diameter of the roller be made equal tp 



Of -RùCKism. ^t 

I the calibre of the mould, the thickness of the cartridge 
must be sL twelfth and a half of that calibre* 

When the cartridge is formed, the roller B is drawn outf 
i>y turning it round, until it is distant from the edge of 
the cartridge the length of its diameter. Â piece of cord 
is then made to pass twice round the cartridge at the ex* 
tremity of the roller. And into the vacuity left in the car- 
tridge; another roller is introduced, so as to leave some 
âpBcé between the two. One end of the pack-thread must 
be fastened to something fixed, and the other to a stick 
conveyed between the legs, and placed in such a manner^ 
as to be behind the person who choaks the cartridge. The 
6ord is then to be stretched by retiring backwards, and the 
Cartridge must be pinched until there remains only an 
aperture capable of admitting the piercer de. The cord 
employed for pinching it is then removed, and its place is 
supplied by a piece of pack-thread, wHich must be drawn 
V6ry tight, passing it several times around the cartridge^ 
after which it is secured by means of running knots made 
6ne above the other. 

Besides the roller b, a rod c, pi. 1 fig. 1, is used, which 
being employed to load the cartridge, must be somewhat 
smaller than the roller, in order that it may be easily in- 
troduced into the cartridge. The rod c is pierced length- 
wise, to a sufficient depth to receive the piercer db, which 
must enter into the mould â, and unite with it exactly at 
its lower part. The piercer, which decreases in size, is 
introduced into the cartridge through the part where it has 
been choaked, and serves to preserve a cavity within it. 
Rs length, besides the nipple or button, must be equal to 
about two-thirds that of the mould. Lastly, if the thick- 
ness of the base be a fourth part of the calibre of the 
mould, the point must be made equal to a sixth of the 
calibre. 

It is evident that there must be at least three rods^ such 



US C^ pierce in proportion to the diminatidii of the 
jMercer, in order that the powder which is ragiaied in by 
means of a mallet, may be uniformly packed throughout 
the whole length of the rocket. It may be easily per'- 
ceived also, that these rods ought to be made of some very 
bard wood, to resist the strokes of the mallet. 

In loading rockets, it is more convenient not to employ 
a piercer. Wfien loaded on a nipple, without a piercer, 
by means of one massy rod, they are pierced with a bit and 
a piercer fitted into the end of a bit-brace. Care however 
must be taken to make this hole suited to the proportion 
assigned for the diminution of the piercer. That is to 
say, the extremity of the hole at the choaked part of the 
cartridge, ought to be about a fourth of the calibre of the 
mouU ; and the extremity of the hole which is in the inâde 
for about two thirds of the length of the rocket, ought to 
be a sixth of the calibre. This hole must pass directly 
through the middle of the rocket. In short, experience 
and ingenuity will suggest what is most convenient, and 
in what manner the method of loading rockets, which we 
shall here explain, may be varied. 

After the cartridge is placed in the mould, pour gradu- 
ally into it the prepared composition ; taking care to pour 
only two spoonfuls at a time, and to ram it immediately 
down with the rod c, striking it in a perpendicular direc- 
tion with a mallet of a proper size, and giving an equal 
number of strokes, for example, 3 or 4, each time that a 
new quantity of the composition is poured in. 

When the cartridge is about half filled, separate with a 
bodkin the half of the folds of the paper which remains, and 
having turned them back on the composition, press them 
down with the rod and a few strokes of the mallet, in order 
to compress the paper on the composition. 

Then pierce three or four holes in the folded paper, by 
means of a piercer, which must be made to penetrate to 
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tiie composition of the rocl|:ety as seen at £, fig« 2 pL U 
These holes serve to form a commmiication between ihe 
body of the rocket and the vacuity at the extremity of thi^ 
cartridge, or that part which has been left empty. 

In small rockets this vacuity is filled with granulated^ 
powder, which serves to let them off: they are then cover** 
ed with paper, and pinched in the same manner as at the 
other extremity. But in other rockets, the pot containing 
stars, serpents, and running rockets, is adapted to it, a» 
will be shown hereafter. 

It may be sufficient however to make, with a bit or 
piercer, only one hole, which must be -neith^ too larger 
uoft too small, such as a fourth part of the diameter of the 
rocket, to set fire to the powder, taking care that thb hole 
be as straight as possible, and exactly in the middle of the 
composition. Â little of the composition of the rocket 
0iust be put into these holes, that the fire may not fail to 
be communicated to it. 

It now remains to affix the rocket to its rod, which i» 
done in thé following manner. When the rocket has been 
constructed as. above described, make fast to it a rod of 
light wood, such as fir or willow, broad and flat at the end 
next the rocket, and decrieasing towards the other. It 
must be as straight and free from knots as possible, and 
ought to be dressed, if necessary, with a plane. Its 
lenglh and weight must be proportioned to the rocket ;. 
diat is to say, it ought to be six, seven, or eight feet long, 
flo as to remain in equilibrium with it, when suspended on 
the finger, within an inch or an inch and a half of the neck» 
Before it is fired, place it with the neck downwards, and 
let it rest on two nails, in a direction perpendicular to the 
horizon. To make it ascend straighter and to a greater 
height, adapt to its summit a à pointed cap or top, as Cf 
made of common paper, which will serve to facilitate its 
passage through the air. 



ti4 PYROTEOHNT. 

. Tbete rockets in general are made in a more complet 
manner, several other things being added to them to ren^ 
der them more agreeable, such for example as a petard, 
which is a box of tin-plate, filled with fine gunpowder, 
j^lacéd on the summit. The petard is deposited on the 
composition, at the end where it has been filled ; and the 
remaining paper of the cartridge is folded down over it to 
keep it firm. The. petard produces its effect when tb« 
rocket is in the air and the composition is consumed. 

Stars, golden rain, serpents, saucissons, and several other 
amusing things, the composition of which we shall explain 
hereafter, are also added to them. This is done by adjust- 
ing to the head of the rocket, an empty pot or cartridge, 
much larger than the rocket, in order that it may contain 
serpents, stars, and various other appendages, to render it 
more beautiful. 

Rockets may be made to rise into the air without rods. 
For this purpose four wings must be attached to them in 
Ûie form of a cross, and similar to those seen on arrows or 
darts, as represented at a plate 1 fig. 3. In length, these 
wings must be equal to two-thirds that of the rocket ; their 
breadth towards the bottom should be half their length, 
and their thickness ought to be equal to that of a card. But 
this method of making rockets ascend is less certain, and 
more inconvenient than that where a rod is used ; and for 
this reason it is rarely employed. 

We shall now show the method of finding the diameters 
or calibre of rockets, according to their weight ; but we 
must first observe that a pound rocket, is that just capable 
of admitting a leaden bullet of a pound weight, and so of 
the rest. The calibre for the different sizes may be found 
by the two following tables, one of which is calculated for 
rockets of a pound weight and below ; and the other for 
those from a pound weight to 50 pounds. 
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L Table of the calibre of mouMs of a pound weight and 

below. 



Ounces. 


Unes. 


Drams. 


Lines. 


16 


19i 


14 


H 


12 


17 


12 


7 


8 


15 


10 


6f 


7 


14| 


8 


6i, 


6 


14* 


6 


54 


5 


13 


4 


4è 


4 


12* 


2 


3| 


S 


Ha 






2 


H 






1 


6i 







The use of this table will be understood merely by in- 
spection 'f for it is evident that a rocket of 12 ounces ought 
to be 17 lines in diameter ; one of 8 ounces^ 15 lines ; one 
of 10 drams, 6' lines; and so of the rest. 

On the other hand, if the diameter of the rocket be 
given, it will be easy to find the weight of the ball corre- 
sponding to that calibre. For example, if the diameter be 
IS lines, it will be immediately seen, by looking for that 
number in the column of lines, that it corresponds to a ball 
of 5 ounces. 
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IL Table of the calibre of moulds from 1 to 50 pounds ball. 



Pounds. 


Calibre. 


Pounds. 


Calibre. 


Pounds. 


Calibre 


, Pounds. 


Calibre. 


I 


100 


14 


241 


27 


300 


.40 


341 


2 


126 


1.5 


247 


28 


304 


41 


344 


3 


144 


16 


252 


29 


307 


42 


347 


4 


158 


1? 


257 


30 


310 


43 


350 


5 


171 


18 


262 


31 


314 


44 


353 


6 


181 


19 


267 


32 


317 


45 


355 


7 


191 


20 


271 


33 


320 


46 


358 


8 


200 


21 


275 


34 


323 


47 


361 


9 


208 


22 


280 


35 


326 


48 


363 


10 


215 


23 


284 


36 


330 


49 


366 


11 


222 


24 


288 


* 37 


333 


50 


368 


J2 I 


228 1 


25 


292 


38 


336 






15 


235 


26 


296 


39 


339 







The use of the second table is as folio w^s : If the weight of 
the ball be given, which we shall suppose to be 24 pounds, 
seek for that number in the column of pounds^ and oppo- 
site to it, in the column of calibres, will be found the num- 
ber 288. Then say, as 100 is to 19|, so is 288 to a fourth 
term, which will be the number of lines of the calibre re- 
quired ; or multiply the number found, that is 288, by 19}, 
and from the product 5616, cut off the two last figures: 
the required calibre therefore will be 56-16 lines, or 4 
inches 8 lines. 

On the other hand, the calibre being given in lines, the 
weight of the ball may be found with equal ease : if the 
calibre, for example, be 28 lines, say as 19 J is to 28, so is 100 
to a fourth term, which will be 143*5, or nearly 144. But 
in the above table, opposite to 144, in the second column, 
will be found the number 3 in the first ; which shows that 
a rocket, the diameter or calibre of which is 28 lines, is a 
rocket of a 3 pounds ball. 
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ARTICLE III. 



Composition of the Powder for Rockets ^ and the manner of 

filling them. 

^ The composition of the powder for rockets must be dif- 
ferent^ according to the different sizes ; as that proper for 
small rockets, would be too strong for large ones. This 
is a fact respecting which almost all the makers of fire- 
works are agreed. The quantities of the ingredients, 
which experience has shown to be the best, are as follow : 

For rockets capable of containing lor 2 ounces of composition.^ 

To one pound of gunpowder, add two ounces of soft 
charcoal ; or to one pound of gunpowder, a pound of the 
coarse powder used for cannon; or to 9 ounces of gun« 
powder, 2 ounces of charcoal ; or to a pound of gun- 
powder, an ounce and a half of saltpetre, and as much 
charcoal. 

For rockets of two or three ounces. 

To 4 ounces of gunpowder, add an ounce of charcoal ; 
or to 9 ounces of powder, add 2 ounces of saltpetre* 

For a rocket of four ounces. 

To 4 pounds of gunpowder, add a pound of saltpetre, 
and 4 ounces of charcoal : you may add also, if you choose, 
half an ounce of sulphur ; or to one pound two ounces and 
a half of gunpowder^ add 4 ounces of saltpetre, and 2 
ounces of charcoal ; or to a pound of powder, add 4 
ounces of saltpetre, and one ounce of charcoal ; or to 17 
ounces of gunpowder, add 4 ounces of saltpetre, and the 
same quantity of charcoal ; or to 8 ounces and a half of 
gunpowder, add 10 ounces of saltpetre, and 3 ounces and 
a half of charcoal. But the composition will be strongest, 
if to 10 ounces of gunpowder, you add S ounces and a half 
of saltpetre, and 3 ounces of charcoal. - C 

cc2 
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For rockets of Jive or six ounces. 

To 2 pounds 5 ounces of gunpowder, add half a pound 
of saltpetre, 2 ounces of sulphur, 6 ounces of charcoal, and 
2 ounces of iron filings. 

For rockets of seven or eight ounces. 

To n ounces of gunpowder, add 4 ounces of saltpetre^ 
and 3 ounces of sulphur. 

For rockets of from eight to ten ounces. 

To 2 pounds and 5 ounces of gunpowder, add 8 ounces 
of saltpetre, 2 ounces of sulphur^ 7 ounces of charcoal, 
and 3 ounces of iron filings. 

For rockets of from ten to twelve ounces. 

To 17 ounces of gunpowder, add 4 ounces of saltpetre j 
S ounces and a half of sulphur, and one ounce of charcoal 

For rockets of from fourteen to fifteen ounces. 

: To 2 pounds 4 ounces of gunpowder, add 9 ounces of 
saltpetre, 3 ounces of sulphur, 5 ounces of charcoal, and 
S ounces of iron filings. 

For rockets of one pound. 

To one pound of gunpowder, add an ounce of sulphur, 
and 3 ounces of charcoal. 

For a rocket of two pounds. 

To one pound four ounces of gunpowder, add 2 ounces 
of saltpetre, 1 ounce of sulphur, 3 ounces of charcoal, and 
2 ounces of iron filings. 

For a rocket of three pounds. 

To 30 ounces of saltpetre, add 7 ounces and a half of 
sulphur, and 1 1 ounces of charcoal* 
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For rockets of four j five ^ su;, or seven pounds. 

To 31 pounds of saltpetre, add 4 pounds and a half of 
sulphur, and 10 pounds of charcoal. 

For rockets of eight, nine, or fen pounds. 

To 8 pounds of saltpetre, add 20 ounces of sulphur, and 
4é ounces of charcoal. 

We shall here observe, that these ingredients must be 
each pounded separately, and sifted ; they are then to be 
weighed and nxixed together for the purpose of loading the 
cartridges, which ought to be kept ready in the moulds. 
The cartridges must be made of strong papçr, doubled, 
and cemented by means of strong paste, made of fine flour 
and very pure water. 

Of Matches. 

Before w£ proceed farther, it will be proper to describe 
the composition of the matches necessary for letting them 
off. Take hnen, hemp or cotton thread, and double it 
eight or ten times, if intended for large rockets ; or only 
four or five times, if to be employed for stars. When the 
match has been thus made as large as necessary, dip it in 
pure water, and press it between your hands, to free it 
from the moisture. Mix some gunpowder with a little 
water, to reduce it to a sort of paste, and immerse the 
match in it ; turning and twisting it, till it has imbibed a 
sufficient quantity of the powder ; then sprinkle over it a 
little dry powder, or strew some pulverised dry powder 
upon a smooth board, and roll the match over it. By these 
means you will have an excellent match ; which if dried in 
the sun, or on a rope in the shade, will be fit for use. 

ARTICLE IV- 

On the cœuse which makes rockets ascend into the air. 
As this cause is-nearly the same as that which produces 
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recoil in are-arms, it is necessary we should first explain 
the latter. 

When the powder is suddenly inflamed in the chamber» 
or at the bottom of the barrel, it necessarily exercises an 
action two ways at the same time ; that is to say, against 
the breech of the piece, and against the buHet or wadding, 
which is placed above it. Besides this, it acts also against 
the sides of the chamber which it occupies ; and as they 
oppose a resistance almost insurmountable, the whole 
effort of the elastic fluid, produced by the inflammation, 
is exerted in the two directions above-mentioned. But the 
resistance opposed by the bullet, beifig much less than that 
opposed by the mass of the barrel or cannon, the bullet is 
forced out with great velocity. It is impossible, however, 
that the body of the piece itself should not experience a 
movement backwards ; for if a spring is suddenly let loose, 
between two moveable obstacles, it will impel them both, 
and comnmnicate to them velocities in the inverse ratio of 
their masses : the piece therefore must acquire a velocity 
backwards nearly in the inverse ratio of its mass to that of 
the bullet. We make use of the term nearly, because there 
/are various circumstances which give to this ratio certain 
modifications ; but it is always true that the body of the 
piece is driven backwards, and that if it weighs with its 
carriage, a thousand times more than the bullet, it acquires 
a velocity, which is a thousand times less, and which is 
soon annihilated by the friction of the wheels against the 
ground, 8cc. 

The cause of the ascent of a rocket is nearly the same. 
At the moment when the powder begins to inflame, its ex- 
pansion produces a torrent of elastic fluid, which acts in 
every direction ; that is, against the air which opposes 
its escape from the cartridge, and against the upper part 
of the rocket ; but the resistance of the air is more con- 
siderable than the weight of the rocket, on account of the 
extreme rapidity with which the elastic fluid issues through 
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the neck of the rocket to throw itself downwards, and 
therefore the rocket ascends by the excess of the one of 
these forces over the other. 

This however would not be the case, unless the rocket 
were pierced to a certsùn depth. A sufficient quantity of 
elastic fluid would not be produced ; for the composition 
would inflame only in circular coats of a diameter equal to 
that of the rocket ; and experience shows that this is not 
sufficient. Recourse then is had to the very ingenious idea 
of piercing the rocket with ^ conical hole, which makes th^ 
composition burn in conical strata, which have much 
greater surface, and therefore produce a much greater 
quantity of inflamed matter and fluid. Tbi> expedient 
was certainly not the work of a moment. 

ARTICLE V. 

Brilliant fire and Chinese Jlre. 

As iron«filings^ when thrown into the fire, inflame and 
emit a strong light, this property, discovered no doubt hy 
chance, gave rise to the idea^of rendering the fire of rockets 
much more brilliant, than when gunpowder, or the sub« 
stances of which it is composed, are alone employed» 
Nothing is necessary but to take iron-filings, very clean 
and free from rust, and to mix them with the composition 
of the rocket. It must however be observed, that rockets 
of this kind will not keep longer than a week ; because the 
moisture contracted by the saltpetre rusts the iron-filings, 
and destroys the eflect they are intended to produce. 

But the Chinese have long been in possession of a me- 
thod of rendering this fire much more brilliant and varie- 
gated in its colours ; and we are indebted to father d*In- 
carville, à Jesuit, for having made it known. It consists in 
the use of a very simple ingredient ; namely, cast iron re- 
duced to a powder more or less fine : the Chinese give it 
a name, which is equivalent to that of iron sand. 
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For white Chinese fire» 



Calibres. 

Pounds. 


Saltpetre. 

Pounds. 


Bruised 

Gunpowder. 

Ounces. 


Charcoal. 

oz. dr. 


Sand of the 
3d order. 

oz. dr. 


12 to 15 
18 to 21 
24 to 36 


1 

1 

1 


12 
U 
11 


7 8 
8 

8 8 


11 

11 8 
12 



When these materials have been weighed, the saltpetre 
and charcoal must be three times sifted through a hair 
sieve, in order that they may be well mixed : the iron sand 
is then to be moistened with good brandy, to make the 
sulphur adhere^ and they must be thoroughly incorporated. 
The sand thus sulphured must be spread over the mixture 
of saltpetre and charcoal, and the whole must be mixed 
together by spreading it over a table with a spatula. 

' ARTICLE VI. 

Of the Furniture of Rockets. . 

The upper part of rockets is generally furnished with 
some composition, which taking fire when it has reached 
to its greatest height, emits a considerable blaze, or pro- 
duces a loud report, and very often both these together. 
Of this kind are saucissons, marroons, stars, showers of 
fire, &c. 

To make room for this artifice, the rocket is crowned 
with a part of a greater diameter, called the pot, as seen 
fig. 5 pi. 1. The method of making this pot, and connect- 
ing it with the body of the rocket, is as follows. 

The mould for forming the pot, though of one piece, 
must consist of two cylindric parts of different diameters^ 
That on which the pot is rolled up, must be three diame- 
ters of the rocket in length, and its diameter must be three 
fourths that of the rocket ; the length of the other ought 
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to be equal to two of these diameters, and its diameter to 
f that of the rocket. 

Having rolled the thick paper intended for making the 
pot, and which ought to be of the same kind as that used 
for the rocket, twice round the cylinder, a portion of it 
must be pinched in that part of the cylinder which lias the 
least diameter ; this part must be pared in such a manner, 
as to leave only what is necessary for making the pot fast 
to the top of the rocket, and the ligature must be covered 
with paper. 

To charge such a pot, attached to a rocket ; having 
pierced three or four holes in the double paper which 
covers the vacuity of the rocket, pour over it a small quan- 
tity of the composition with which the rocket is filled, and 
by shaking it, make a part enter these holes ; then arrange 
in the pot the composition with which it is to be charged, 
taking care not to introduce into it a quantity heavier than 
the body of the rocket. 

The whole must then be secured by means of a few small 
balls of paper, to keep every thing in its place, and the pot 
must be covered with paper cemented to its edges : if a 
pointed summit or cap be then added to it, the rocket will 
be ready for use. 

We shall now give an account of the di£Perent artifices 
with which such rockets are loaded. 

^ ^h Of Serpents, 

Serpents are small flying rockets, without rods, which 
instead of rising in a perpendicular direction, mount ob- 
liquely, and descend in a zig-zag form without ascending 
to a great height. The composition of them is nearly the 
same as that of rockets ; and therefore nothing more is ne- 
cessary than to determine the proportion and construction 
of the cartridge, which is as follows. 

The length ac pi. 1, fig. 7, of the cartridge may be 
about 4 inches ; it must be rolled round a stick somewhat 
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larger than the barrel of a goose quill, and after being 
choaked at one of its ends, fill it with the composition a 
little beyond its middle, as to b ; and then pinch it so as 
to leave a small aperture. The remainder bc, must be 
filled with grained powder, which will occasion a report 
when it bursts. Lastly, choak the cartridge entirely to- 
wards the extremity c ; and at the other extremity a place 
a train of moist powder, to which if fire be applied, it will 
be communicated to ^e composition in the part ab, an4 
cause the whole to rise in the air. The serpent, as it falls, 
will then make several small turns in a zig-zag direction, 
till the fire is communicated to the grained powder in the 
part Bc ; on which the serpent will burst with a loud re- 
port before it falls to the ground. 

If the serpent be not choaked towards the middle, in- 
stead of moving in a zig-zag direction, it will ascend and 
descend with an undulating motion, and then burst as 
before. 

The cartridges of serpents are generally made of play- 
ing cards. These cards are rolled round a rod of iron or 
hard wood, a little larger, as already said, than the barrel 
of a goose quill. To coilfine the card, a piece of strong 
paper is cemented over it. 

The length of the mould must be proportioned to that 
of the cards employed, and the piercer of the nipple must 
be three or four lines in length. These serpents are loaded 
with bruised powder, mixed only with a very small quan- 
tity of charcoal. To introduce the composition into the 
cartridge, a quill, cut into the form of a spoon, may be 
employed : it must be rammed down by means of a small 
rod, to which a few strokes are given with a small mallet. 

When the serpent is half loaded, instead of pinching it 
in that part, you may introduce into it a vetch seed, and 
place granulated powder above it to fill up the remainder* 
Above this powder place a small pellet of chewed paper, 
and then cboak the other end of the cartridge. If you^arc 
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desirous of making larger serpents, cement two playing 
cards together ; and, that they may be managed with more 
ease, moisten them a little with water. The match consists 
of a paste made of bruised powder, and a small quantity 
of water. 

§n. Marroons. 

Marroons are small cubical boxes, filled with a compo- 
4Htion proper for making them burst, and may be con- 
structed with great ease. 

Cut a piece of pasteboard, according to the method 
taught in geometry to form the cube^ as seen âg. 8 pi. 1; 
join these squares at the edges, leaving only one to be ce* 
mented, and fill the cavity of the cube with grained 
powder ; then cement strong paper in various directions 
over this body, and wrap round it two rows of pack-thread, 
dipped in strong glue : then make a hole in one of the 
corners, and introduce into it a match. 

If you are desirous to have luminous marroons, that is 
to say marroons which, before they burst in the air, emit 
a brilliant light, cover them with a paste the composition 
of which will be given hereafter for stars: and roll them 
in pulverised gunpowder, to serve as a match or com- 
munication. 

§ III. Samissoiis. 

Marroons and saucissons differ from each other only in 
their form. The cartridges of the latter are round, and 
must be only four times their exterior diameter in length. 
They are choaked at one end in the same manner as a 
rocket ; and a pellet of paper is driven into the aperture 
which has been left, in order to fill it up. They are then 
charged with grained powder, above which is placed a ball 
of paper gently pressed down, to prevent the powder from 
being bruised ; the second end of the saucisson being after- 
wards choaked, the edges are pared on both sides, and 
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the whole is covered with several turns of pack-thread, 
dipped in strong glue, and then left to dry. 

WMen you are desirous of charging them, pierce a hole 
in one of the ends; and apply a match, in the same man- 
ner as to marroons. 

§ IV. Stars. 

Stars are small globes of a composition which emits à 
brilliant light, that may be compared to the light of the 
■stars in the heavens. These balls are not larger than a 
nutmeg or musket bullet, and when put into the rockets 
must be wrapped up in tow, prepared for that purpose* 
^The composition of these stars is as follows. 

To a pound of fine gunpowder well pulverised, add 
four pounds of saltpetre, and two pounds of sulphur. 
When these ingredients are thoroughly incorporated, take 
about the size of à nutmeg of this mixture, and having 
wrapt it up in a piece of linen-rag, or of paper, form it 
into a ball ; then tie it closely round with a pack-thread, 
and pierce a hole through the middle of it, sufficiently 
large to receive a piece of prepared tow, which will serve 
as a match. This star, when lighted, will exhibit a most 
beautiful appearance ; because the fire as it issues from 
the two ends of the hole in the middle, will extend to a 
great distance, and make it appear much larger. 

If you are desirous to employ a moist composition in 
the form of a paste, instead of a dry one, it will not be 
necessary to wrap up the star in any thing but prepared 
tow ; because, when made of such paste, it can retain its 
spherical figure. There will be no need also of piercing 
a hole in it^ to receive the match ; because^ when newly 
made, and consequently moist, it may be rolled in pul- 
verised gunpowder, which wijl adhere to it. This powder, 
when kindled, will serve as a match, and inflame the com- 
position of the star, which in falling will form itself into tears* 
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Another method of making rockets with stars. 

Mix three ounces of saltpetre, with one ounce of sulphur, 
and two drams of pulverised gunpowder; or mix four 
ounces of sulphur, with the same quantity of saltpetre, 
and eight ounces of pulverised gunpowder. When these 
materials have been well sifted, besprinkle them with 
brandy, in which a little gum has been dissolved, and then 
jnake up the star in the following manner. 

Take a rocket mould, eight or nine lines in diameter, 
and introduce into it a nipple, the piercer of which is of a 
uniform size throughout, and equal in length to the height 
of the mould. Put into this mould a cartridge, and biy 
means of a pierced rod load it with one of the precedii^ 
compositions ; when loaded, take it from the mould, withp 
olit removing the nipple, the piercer of which passes 
through the composition, and then cut the cartridge quite 
round into pieces of the thickness of three or four lines. 
The cartridge being thus cut, draw out the piercer gently, 
and the pieces, which resemble the itien employed for 
playing at drafts, pierced through the middle, will be 
stars, which must be filed on a match thread, which, if you 
choose, may be covered with tow. 

To give more brilliancy to stars of this kind, a cartridge 
thicker than the above dimensions, and thinner than that 
of a flying-rocket of the same size, may be employed ; but, 
before it is cut into pieces, five or six holes must be pierced 
in the circumference of each piece to be cut. When the 
cartridge is cut, and the pieces have been filed, cement 
over the composition small bits of card, each having a bole 
in the middle, so that these holes may correspond to the 
place where the composition is pierced. 

Remarks.^I. There are several other methods of 
making stars, which it would be too tedious to describe. 
We shall therefore only show bow to make étoiles à pet^ 
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or Stars ^rhich give a report as loud as that of a pistol or 
musket. 

Make «mall saucissons, as taught in the third section ; 
only, it will not be necessary to cover them with pack- 
thread : it will be sufficient if they are pierced at one end, 
in order that yqu may tie to it a star constructed according 
to the first method, the composition of which is dry; for 
if the composition be in the form of a paste, there will be 
no need to tie it. Nothing will be necessary in that case, 
but to leave a little more of the paper hollow at the end 
of the saucisson which has been pierced, for the purpose 
of introducing the composition ; and to place in the vacuity, 
towards the neck of the saucisson, some grained powder, 
which will communicate fire to the saucisson when the 
composition is consumed. 

II. As there are some stars which in the end become 
petards, others may be made, which shall conclude with 
becoming serpents. But this may be so easily conceived 
and carried into execution, that it would be losing time 
to enlarge further on the subjetet. We shall only observe, 
that these stars are not in use, because it is difficult for à 
rocket to -carry them to a considerable height in the air : 
they diminish the effect of the rocket or saucisson, and 
much tkne is required to make them. 

§ V. Shower of Fire. 

To form a shower of fire, mould small paper cartridges 
on an iron rod, two lines and a half in diameter, and make 
them two inches and a half in length. They must not be 
choaked, as it will be sufficient to twist the end of the 
cartridge, and having put the rod into it to beat it, in 
order to make it assume its form. When the cartridges 
are filled, which is done by immersing them in the compo- 
sition, fold down the other end, and then apply a match. 
This furniture will fill the air with an undulating fire. The 
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following are some compositions proper for stars of tUis 
kind, 

Chinese fire. Pulverised gunpowder one pound, sulphur 
2 ounces, iron sand of the first order 5 ounces. 

Ancient fire. Pulverised gunpowder one pound, char* 
coal 2 ounces. 

Brilliant fire. Pulverised gunpowder one pound, iron 
filings 4 ounces. 

The Chinese fire is certainly the most beautiful. 

§ VI. Of Sparks. 

Sparks differ from stars only in their size and duration; 
for they are made smaller than stars ^ and are consumed 
sooner. They are made in the following manner. 

Having put into an earthen vessel an ounce of pulverised 
gunpowder, two ounces of pulverised saltpetre, one ounce 
of liquid saltpetre, and four ounces of camphor reduced to 
a sort of farina, pour over this mixture some gum-water, 
or brandy in which gum*adraganth or gum-arabic has' 
been dissolved, till the composition acquire the consistence 
of thick soup. Then take some lint which has been boiled 
in brandy, or in vinegar, or even in saltpetre, and then 
dried and unravelled, and throw into the mixture such a 
quantity of it as is sufiicient to absorb it entirely, taking 
care to stir it well. 

Form this matter into small balls or globes of the size of 
a pea ; and having dried them in the sun or the shade, be- 
sprinkle them with pulverised gunpowder, in order that 
they may more readily catch fire. 

Another Method of making Sparks. 

Take the saw-dust of any kind of wood that burns 
readily, such as fir, elder-tree, poplar, laurel, &c, and 
boil it in water in which saltpetre has been dissolved. 
When the water has boiled some time, take it from the 
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fire, and pour it off in such a manner that the savir-dust 
may remain in the vessel. Then place the saw-dust on a 
table, and while moist besprinkle it with sulphur, sifted 
through a very fine sieve : you may add to it also a little 
bruised gunpowder. Lastly, when the saw-dust has been 
well mixed, leave it to dry, and make it into sparks ai 
above described. 

§ VII. Of Golden Rain. 

There are some flying-rockets which, as they fall, make 
3mall undulations in the air like hair half frizzled. These 
are called ykîéf 5 chevelues^ bearded rockets; they finish 
with a kind of shower of fire, which is called golden rain. 
The method of constructing them is ^.s follows. 

Fill the barrels of some goose quills with the composition 
of flying-rockets, and place upon the mouth of each a 
little moist gunpowder, both to keep in the composition, 
and to serve as a match. If a flying-rocket be then loaded 
with these quills, they will produce, at the end, a very 
agreeable shower of fire, which on account of its beauty 
has been called golden rain. 

ARTICLE VII. 

Of some rockets different in their effect from common 

rockets. 

Several very amusing and ingenious works are made by 
.means of simple rockets, of which it is necessary that w« 
should here give the reader some idea* 

§ I. OfCourantinSj or Rockets which fly along a rope. 

A common rocket, which however ought not to be very 
large, may be made to run along an extended rope. For 
this purpose, affix to the rocket an empty cartridge, and 
introduce into it the rope which is to carry it; placing the 
head of the rocket towards that side to which you intend 
it to move: if you then set fire to the rocket, adjusted in 

VOL. III. D p 
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this manner,. it will run along the rope without stopping, 
till the matter it contains is entirely exhausted. 

If you are desirous that the rocket should move in a 
retrograde direction; first fill one half of it with the com- 
position, and cover it with a small round piece of wood, to 
serve as a partition between it and that put into the other 
half; then make a hole below this partition, so as to corre- 
spond with a small canal filled with bruised powder, and 
terminating at the other end of the rocket: by these 
means the fire,^ when it ceases in the first half of the rocket, 
will be communicated through the hole into the small 
canal, which will convey it to the other end; and this end 
being then kindled, the rocket will move backwards, and 
return to the place from which it set out. 

Two rockets of equal size, bound together by means of 
a piece of strong pack-thread, and disposed in such a 
manner that the head of the one shall be opposite to the 
neck of the other, that when the fire has consumed the 
composition in the one, it may be communicated to that 
in the other, and oblige both of them to move in a retro- 
grade direction, may also be adjusted to the rope by means 
of a piece of hollow reed. But to prevent the fire of the 
former from being communicated to the second too soon, 
they ought to be covered with oil-cloth, or to be wrapped 
up in paper. 

Remark. — Rockets of this kind are generally employed 
for setting fire to various other pieces when large fire- 
works are exhibited ; and to render them more agreeable, 
they are made in the form of different animals, such as 
serpents, dragons, &c; on which account they are called 
flying dragons. These dragons are very amusing, especially 
when filled with various compositions, such as golden rain, 
long hair, &x;. They might be made to discharge serpents 
from their mouths, which would produce a very pleasing 
effect, and give them a greater resemblance to a dragon. 
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§ IL Rockets which fly alaiig a rope, atid turn round at the 

same time. 

Nothing is easier than to give to a rocket of this kind a 
rotary motion around the rope along ^hich it advances; 
it will be sufficient for this purpose, to tie to it another 
rocket, placed in a transversal direction. But the aperture 
of the latter, instead of being at the bottom, ought to be 
in the side, near one of the ends. If both rockets be fired 
at the same time, the latter will make the other revolve 
around the rope, while it advances along it. 

} III, Of rockets which bum in the water. 

Though fire and water are two things of a very opposite 
nature, the rockets above described, when set on fire, will 
burn and produce their effect even in the water ; but as 
they are then below the water, the pleasure of seeing them 
is lost ; for this reason, when it is required to cause rockets 
.to burn as they float on the water, it will be necessary to 
make some change in the proportions of the moulds, and 
the materials of which they are composed. 

In regard to the mould, it may be eight or nine inches 
in length, and an inch in diameter : the former, on which 
;tbe cartridge is rolled up, may be nine lines in thickness, 
and the rod for loading the cartridge must as usual be 
somewhat less; For loading the cartridge, there is no 
.need of a piercer with a nipple. 

The composition may be made in two ways; for if it be 
.ipequired that the rocket, while burning on the water, 
ihould appear as bright as a candle, it must be composed 
•/of three materials mixed together, viz, 3 ounces of 
pulverised and sifted gunpowder, one pound of saltpetre, 
and 8 ounces of sulphur. But if you are desirous that it 
should appear on the water with a beautiful tail, the com- 
|>psition must consist of 8 ounces of gunpowder pulverised 
and sifted, one pound of saltpetre, 8 ounces of pounded 
and sifted sulphur, aud 2 ounces of charcoal. 

I) d2 
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When the composition has been prepared according to 
these proportions^ and the rocket has been filled in the 
manner above described, apply a saucisson to the end of 
it ; and having covered the rocket with wax, black pitch, 
rosin, or any other substance capable of preventing the 
paper from being spoilt in the water, attach to it a small 
rod of white willow, about two feet in length, that the 
rocket may conveniently float. 

If it be required that these rockets should plunge down, 
and again rise up ; a certain quantity of pulverised gun- 
powder, without any mixture, must be introduced into 
theip, at certain distances, such for example, as two, three, 
or four lines, according to the size of the cartridge. 

Remarks. — I. Small rockets of this kind may be made, 
without changing the mould or composition, in several 
different ways, which, for the sake of brevity, we are 
obliged to omit. Such of our readers as are desirous 
of further information on this subject, ma^ consult those 
authors who have written expressly on pyrotechny, some 
of whom we shall mention at the end of the 12th section. 

II. It is possible also to make a rocket which, after it 
has burnt some time on the water, shall throw out sparks 
and stars ; and these after they catch fire shall ascend into 
the air. This may be done by dividing the rocket into two 
parts, by means of a round piece of wood, having a hole 
in the middle. The upper part must be filled with the 
usual composition of rockets, and the lower with stars, 
which must be mixed with grained and pulverised gun- 
powder, &c. 

ni. A rocket which takes fire in the water, and, after 
burning there half the time of its duration, mounts into 
the air with g:reat velocity, may be constructed in the 
following manner. 

Take a flying rocket, furnished with its rod, and by 
means of a little glue attach it to a water rocket, but only 
at the middle a, pL 1 fig. 9, in soch a mamier, that the 
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latter shall have its neck uppermost, and the other its neck 
downward. Adjust to their extremity b a small tube, to 
communicate the fire from the one to the other, and cover 
both with a coating of pitch, wax, &c, that they may not 
be damaged by the water. 

Then attach to the flying rocket^ after it has been thus 
cemented to the aquatic one, a rod of the kind described 
in the 2d article, as seen in the figure at d ; and from w 
suspend a piece of pack-thread, to support a musket bullet 
B, made fast to the rod by means of a needle or bit of iron 
wire. When these arrangements have been made, set fire 
to the part c after the rocket is in the water ; and when 
the composition is consumed to b, the fire will be com- 
municated through the small tube to the other rocket: the 
latter will then rise and leave the other, which will not be 
able to follow it on account of the weight adhering to it. 

f rV. By vieans of rockets , to represent s&oeral figures m 

the air. 

If several small rockets be placed upon a large one^ 
their rods being fixed around the large cartridge, which 
is usually attached to the head of the rocket, to contain 
what it is destined to carry up into the air ; and if these 
small rockets be set on fire while the large one is ascend- 
ing, they wiir represent, in a very agreeable manner, a 
tree, the trunk of which will be the large rocket, and the 
branches the small ones. 

If these small rockets take fire when the large one is. 
half burned in the air, they will represent a comet ; and 
when the large one is entirely inverted, so that its head 
begins to point downwards, in order to fall, they will rci- 
present a kind of fiery fountain. 

If the barrels of several quills, filled with the composi- 
tion of fiying rockets, as above described, be placed on a 
large rocket ; when these quills catch fire, they will re*- 
present, to an eye placed below them, a beautiful shower 
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of fire, or of half frizzled hair if the eye be placed on one 
side. 

If several serpents be attached to the rocket with a piece 
of pack-thread, by the ends that do not catch fire ; and if 
the pack-thread be suffered to hang down two or three 
inches, between every two, this arrangement will produce 
a variety of agreeajj^le and amusing figures. 

^y» A rocket which ascends in the form of a screw. 

A straight rod, as experience shows, makes a' rocket 
ascend perpendicularly, and in a straight line: it may be 
compared to the rudder of a ship, or the tail of a bird, the 
effect of which is to make the vessel or bird turn towards 
that side to which it is inclined: if a bent rod therefore 
be attached to a rocket, its first effect will be to make the 
rocket incline towards that side to which it is bent ; but 
its centre of gravity bringing it afterwards into a vertical 
situation, the result of these two opposite efforts will be 
that the rocket will ascend in a zig-zag or spiral form. In 
this case indeed, as it displaces a greater volume of air, 
and describes a longer line, it will not ascend so high, as 
if it had been impelled in a straight direction ; but, on 
account of the singularity of this motion, it will produce 
an agreeable effect. 

ARTICLE VIII. 

Of Globes and Fire Balls. 

We have hitherto spoken only of rockets, and the differ- 
ent kinds of works which can be constructed by their 
means. But there are a great many other fireworks, the 
most remarkable of which we shall here describe. Among 
these are globes and fire balls; some of which are intended 
' to produce their effect in water; others by rolling or leap- 
ing on the ground: and some, which are called bombs ^ do 
the same in the air. 
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§ I. Globes which burn on the water. 

These globes, or fire balls, are made in three different 
forms; spherical, spheroidal, or cylindrical; but we shall 
here confine ourselves to the spherical. 

To make a spherical fire ball, construct a hollow wooden 
globe of any size at pleasure, and very round both within 
and without, so that its thickness ac or bd, pi. 1, fig. 10, 
may be equal to about the ninth part of the diameter ab. 
Insert in the upper part of it a right concave cylinder 
EFGH, the breadth of which ef may be equal to the fifth 
part of the diameter ab; and having an aperture, lm or 
ON, equal to the thickness ac or bd, that is, to the ninth 
part of the diameter ab. It is through this aperture that 
fire is communicated to the globe, when it has been filled 
with the proper composition, through the lower aperture 
IK. Â petard of metal, loaded with good grained powder, 
is to be introduced also through the lower aperture, and 
to be placed horizontally, as seen in the figure. 

When this is done, close up the aperture ik, which is 
nearly equal to the thickness ev or gh, of the cylinder 
EFGH, by means of a wooden tompion dipped in warm 
pitch; and mek over it such a quantity of lead that its 
weight may cause the globe to sink in water, till nothing 
remain above it but the part gh; which will be the case if 
the weight of the lead, with that of the globe and the 
composition be equal the weight of an equal volume of 
water. If the g]6be be then placed in the water, the lead 
by its gravity will make the aperture ik tend directly 
downwards, and keep in a perpendicular direction the 
cylinder efgh, to which fire must have been previously 
applied. 

To ascertain whether the lead, which has been added to 
the globe, renders its weight equal to that of an equal 
volume of water, rub the globe over with pitch or grease, 
and make a trial, by placing it in the water. 

The composition with which the globe must be loaded. 
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is as follows : to a pound of grained powder, add 32 pounds 
of saltpetre reduced to fine flour, 8 pounds of sulphur, 1 
ounce scrapings of ivory, and 8 pounds of saw-dust pee- 
viously boiled in a solution of saltpetre, and dried in the 
shade or in the sun. 

Or, to 2 pounds of bruised gunpowder, add 12 pounds 
of saltpetre, 6 pounds of sulphur, 4 pounds of iron filings» 
and 1 pound of Greek pitch. 

It is not necessary that this composition should be beaten 
so fine as that intended for rockets : it requires neither to 
be pulverised nor sifted ; it is sufficient if it be well mixed 
and incorporated. But to prevent it from becoming too 
dry, it will be proper to be<iprinkle it with a little oil, or 
any other liquid susceptible of inflammation. 

§ II. Of Globes which leap or roll on the ground. 

I. Having constructed a wooden globe a, pi. 1, fig. 11, 
with a cylinder c, similar to that above described, and 
having loaded it with the same composition, introduce into 
it four petards, or even more, loaded with good grained 
gunpowder to their orifices, as ab; which must be well 
stopped with paper or tow. If a globe, prepared in this 
manner, be fired by means of a match at c, it will leap 
about^ as it burns, on a smooth horizontal plane, accord- 
ing as the petards are sçt on fire. 

Instead of placing these petards in the inside, they may 
be affixed to the exterior surface of the globe; which they 
will make to roll and leap as they catch fire. They may 
be applied in any manner to the surface of the globe, as 
seen in the figure. 

II. A similar globe may be made to roll about on a 
horizontal plane, with a very rapid motion. Construct 
two equal hemispheres of pasteboard, and adjust in one of 
them, as ab, fig. 12, three common rockets c, d, e, filled 
and pierced like flying rockets which have no petard: 
these rockets n^ust not exceed the interior breadth of the 
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hémisphère, and ought to be arranged in such a manner, 
that the head of the one shall correspond to the tail of the 
other. 

The rockets being thus arranged, join the two hemi- 
spheres, by cementing them together with strong paper, 
in such a manner, that they shall not separate, while the 
globe is moving and turning, at the same time that the 
rockets produce their effect. To set fire to the first, make 
a hole in the globe opposite to the tail of it, and introduce 
into it a match. This match will communicate fire to the 
first rocket; which, when consumed, will set fire to the 
second by means of another match, and so on to the rest; 
so that the globe, if placed on a smooth horizontal plane, 
will be kept in continual motion. 

It is here to be observed, that a few more holes must be 
made in the globe, otherwise it will burst. 

The two hemispheres of pasteboard may be prepared ia 
the following manner: construct a very round globe of 
solid wood, and cover it with melted wax; then cement 
over it several bands of coarse paper, about two inches in 
breadth, giving it several coats of this kind, to the thick- 
ness of about two lines. Or, what will be still easier and 
better, having dissolved, in glue water, some of the pulp 
employed by the paper-makers, cover with it the surface 
of the globe; then dry it gradually at a slow fire, and cut 
it through in the middle ; by which means you will have 
two strong hemispheres. The wooden globe may be easily 
separated from the pasteboard by means of heat ; for if 
the whole be applied to a strong fire the wax will dissolve, 
so that the globe may be drawn out. Instead of melted 
wax, soap may be employed. 

§ III. Of Aerial Globes, called Bombs. 

These globes are called aerials, because they are thrown 
into the air from a mortar, which is a short thick piece of 
artillery of a large calibre. 
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Though these globes are of wood, and have a suitable 
thickness, namely, equal to the twelfth part of their di- 
ameters, if too much powder be put into the mortary they 
will not be able to resist its force; the charge of powder 
therefore must be proportioned to the globe to be ejected. 
Thé usual quantity is an ounce of powder for a globe of 
four pounds weight ; two ounces for one of eight, and 
IM> on. 

As the chamber of the mortar may be too large to con- 
tain the exact quantity of powder sufficient for the fire 
ball, which ought to be placed immediately above the 
powder, in order that it may be expelled and set on fire at 
the same time, another mortar may be constructed of 
wood, or of pasteboard with a wooden bottom, as ab, fig. 
IS, pK 1 : it ought to be put into a large iron mortar, and 
to be loaded with a quantity of powder proportioned to 
the weight of the globe. 

This small mortar must be of light wood, or of paper 
pasted together, and rolled up in the form of a cylinder, 
or truncated cone, the bottom excepted; which, as already 
said, must be of wood. The chamber for the powder ac 
must be pierced obliquely, with a small gimblet, as seen at 
BC ; so that the aperture b, corresponding to the aperture 
of the metal mortar, the fire applied to the latter may be 
communicated to the powder which is at the bottom of the 
chamber Ac, immediately below the globe. By these 
means the globe will catch fire, and make an agreeable 
tioise as it rises into the air; but it would not succeed so 
well, if any vacuity were left between the powder and the 
globe. 

A profile or perpendicular section of such a globe is 
represented by the right-angled parallelogram abcd, fig. 
13 n°. 2 ; the breadth of which ab is nearly equal to the 
height AD. The thickness of the wood, towards the two 
sides, L, M, is equal, as above said, to the twelfth part of 
the diameter of the globe; and the thickness, ef, of the 
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cover, îs double the preceding, or equal to a sixth part of 
the diameter. The height ck or hi of the chamber, ghik, 
where the match is applied, and which is terminated by the 
semicircle lghm, is equal to the fourth part of the breadth 
AB ; and its breadth gh is equal to the sixth part of ab. 

We must here observe that it is dangerous to put wooden 
covers, such as ef, on aerial balloons or globes ; for these 
covers may be so heav}^ as to wound those on whom they 
happen to fall. It will be suflBcient to place turf or hay 
above the globe, in order that the powder may experience 
some resistance. 

The globe must be filled with several pieces of cane or 
common reed, equal in length to the interior Jieight of 
the globe, and charged with a slow composition, made of 
three ounces of pounded gunpowder, an ounce of sulphur 
moistened with a small quantity of petroleum oil, and two 
ounces of charcoal ; and in order that these reeds or canes 
may catch fire sooner, and with more facility, they must 
be charged at the lower ends, which rest on the bottom of 
the globe, with pulverised gunpowder moistened in the 
same manner with petroleum oil, or well besprinkled with 
brandy, and then dried. 

The bottom of the globe ought to be covered with a 
little gunpowder half pulverised and half grained ; which, 
when set on fire, by means of a match applied to the end 
of the chamber gh» will set fire to the lower part of the 
reed. But care must have been taken to fill the chamber 
with a composition similar to that in the reeds, or with an- 
other slow composition, made of 8 ounces of gunpowder, 
4 ounces of saltpetre, 2 ounces of sulphur, and one ounce 
of charcoal : the whole must be well pounded and mixed. 

Instead of reeds, the globe may be charged with running 
rockets, or paper petards, and a quantity of fiery stars or 
sparks mixed with pulverised gunpowder, placed without 
any order above these petards, which must be choaked at 



41^ PYKOTECHNT. 

unequal heights, that they may perform their effect at dif- 
ferent times. 

These globes may be constructed in various other ways, 
which it would be tedious here to enumerate. We shall 
only observe that when loaded, they must be well covered 
at the top ; they must be wrapped up in a piece of cloth 
dipped in glue, and a piece of woollen cloth must be tied 
round them, so as to cover the hole which contains the 
Biatcb. 

ARTICLE IX. 

Jets of Fire, 

Jets of fire are a kind of fixed rockets, the effect of which 
is to throw up into the air jets of fire, similar to jets of 
water. They serve also to represent cascades; for if a 
series of such rockets be placed horizontally on the same 
line, it may be easily seen that the fire they emit, will re- 
semble a sheet of water. When arranged in a circular 
form, like the radii of a circle, they form what is called a 
fixed sun. 

To form jets of this kind, the cartridge for brilliant fires 
must, in thickness, be equal to a fourth part of the diame- 
ter, and for Chinese fire, only to a sixth part. 

The cartridge is loaded on a nipple, having a point 
equal in length to the same diameter, and in thickness to 
a fourth part of it ; but as it generally happens that the 
mouth of the jet becomes larger than is necessary for the 
effect of the fire, you must begin to charge the cartridge, 
as the Chinese do, by filling it to a height equal to a fourth 
-part of the diameter with clay, which must be rammed 
down as if it were gunpowder. By these means the jet 
will ascend much higher. When the charge is completed 
with the composition you have made choice of, the car- 
tridge must be closed with a tompion of wood, above 
which it must be choaked. 
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The train or match must be of the same composition as 
that employed for loading ; otherwise the dilatation of the 
air contained in the hole made by the piercer, would cause 
the jet to burst. 

Clayed rockets may be pierced^ with two holes near the 
neck, in order to have three jets in the same plane. 

If a kind of top, pierced with a number of holes, be 
added to them, they will imitate a bubbling fountain. 

Jets intended for representing sheets of fire ought not 
to be choaked. They must be placed in a horizontal 
position, or inclined a little downwards. 

It appears to us that they might be choaked so as to 
form a kind of slit, and be pierced in the same manner ; 
which would contribute to extend the sheet of fire still 
farther. A kind of long narrow mouths might even be 
provided for this particular purpose. 

Principal Composùionsjbr Jets of Fire. 
1st, For Jets of 5 lines or less y of interior diameter^ 

Chinese Jire. Saltpetre 1 pound, pulverised gunpowder 
1 pound, sulphur 8 ounces, charcoal 2 ounces. 

White Jire. Saltpetre 1 pound, pulverised gunpowder 
8 ounces, sulphur 3 ounces, charcoal 2 ounces, iron sand 
of the first order 8 ounces. 

2d. For Jets of from 10 to 12 lin^s in diameter. 

Brilliant Jire. Pulverised gunpowder 1 pound, iron- 
filings of a mean size, 5 ounces. 

White f re. Saltpetere I pound, pulverised gunpowder 
1 pound, sulphur 8 ounces, charcoal 2 ounces. 

Chinese f re. Saltpetre 1 pound 4 ounces, sulphur 5 
punces, charcoal 5 ounces, sand of the third order 12 
Qunces. 

3d. For Jets of 15 or 18 lines in diameter. 
Chinese Jire. Saltpetre 1 pound 4 ounces, sulphur 7 
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ounces, charcoal 5 ounces, of the six different kinds of 
land mixed 12 ounces. . 

Father d'Incarville, in his memoirs on this subject, gives 
various other proportions for the composition of these jets; 
but we must confine ourselves to what has been here said, 
and refer the reader to the author's memoirs, which will be 
found in the Manuel de P Artificer, 

The saltpetre, pulverised gunpowder, and charcoal, are 
three times sifted through a hair sieve. The iron sand is 
besprinkled with sulphur, after being moistened with a 
little brandy, that the sulphur may adhere to it ; and they 
are then mixed together : the sulphured sand is then spread 
over the first mixture, and the whole is mixed with a ladle 
only; for if a sieve were employed, it would separate the 
sand from the other materials. When sand larger than that 
of the second order is used, the composition is moistened 
with brandy, so that it forms itself into balls, and the jets 
are then loaded : if there were too much moisture, the sand 
would not perform its effect. 

ARTICLE X. 

Of Fires of Different .Colours. 

It is much to be wished that, for the sake of variety, 
different colours could be given to these fire-works at 
pleasure; but though we are acquainted with several 
materials which communicate to flame various colours, it 
has hitherto been possible to introduce only a very few 
colours into that of inflamed gunpowder. 

To make white fire, the gunpowder must be mixed with 
iron or rather steel-filings. 

To make red fire, iron sand of the first order must be 
employed in the same manner. 

As copper filings, when thrown into a flame, render it 
green, it might be concluded, that if mixed with gun- 
powder, it would produce a green flame: but this ex- 
periment does not succeed. It is supposed that the flame 
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is too ardent, and consumes the inflammable part of the 
copper too soon. But it is probable that a sufficient 
number of trials have not yet been made ; for is it not 
possible to lessen the force of gunpowder in a considerable 
degree, by increasing the dose of the charcoal ? 

However, the following are a few of those materials 
which, in books on pyrotechny, are said to possess the 
property of communicating various colours to fire-works. 

Camphor mixed with the composition, makes the flame, 
to appear of a pale white colour. 

Raspings of ivory give a clear flame of a silver colour, 
inclining a little to that of lead ^ or rather a white dazzling 
flame. 

Greek pitch produces a reddish flame, of a bronze 
colour. 

Black pitch, a dusky flame, like a thick smok^, which 
obscures the atmosphere. 

Sulphur, mixed in a moderate quantity, makes the flame 
appear bluish. 

Sal ammoniac and verdigrise give a greenish flame. 

Kaspings of yellow amber communicate to the flame a 
lemon colour. 

Crude antimony gives a russet colour. 

Borax ought to produce a blue flame j for spirit of wine, 
in which sedative salt, one of the component parts of borax, 
is dissolved by the means of heat, burns with a beautiful 
green flame. 

Much, however, still remains to be done in regard to 
this subject ; but it would add to the beauty of artificial 
fire-works, if they could be varied by giving them diflier- 
ent colours ; this would be creating for the eyes a new 
pleasure. 

ARTICLE XI. 

Composition of a Paste proper for representing animals and 

other devices in fire. 

It is to the Chinese also that we are indebted for this 
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method of representing figures with fire. For this pur- 
pose, take sulphur reduced to an impalpable powder, and 
having formed it into a paste with starch, cover with '\^\^ 
y the figure you are desirous of representing on fire : it iê^:/: 
here to be observed, that the figure must first be coated ' 
over with clay, to prevent it from being burnt. 

When the figure has been covered with this paste, be- 
sprinkle It while still moist with pulverised gunpowder ; 
and when the whole is perfectly dry, arrange some small 
matches un the principal parts of it, that the fire may be 
speedily communicated to it on all sides. 

The same pa:>te may be employed on figures of clay, to 
form devices and various designs. Thus, for example, 
festoons, p;arlands, and other ornaments, the flowers of 
which might be imitated by fire of diflerent colours, could 
be formed on the frieze of a piece of architecture covered 
with plaster. The Chinese imitate grapes exceedingly ■ - 
well, by mixing pounded sulphur with the pulp of the ju- « 
jube, instead of flour paste. 

ARTICLE XII. 

Of Suns J both Fixed and Moveable, 

None of the pyrotechnic inventions can be employed 
with so much success, in artificial fire-works, as suns ; of 
which there are two kinds, fixed and revolving: the m^ 
thod of constructing both is very simple. 

For fixed suns, cause to be constructed a round piece of 
wood, into the circumference of which can be screwed 
twelve or fifteen pieces in the form of radii ; and to these 
radii attach jets of fire, the composition of which has been 
already described ; so that they may appear as radii tend- 
ing to the same centre, the mouth of the jet being towards 
the circumference. Ap|)ly a match in such a manner, 
that the fire communicated at the centre may be conveyed, 
at the same time, to the mouth of each of the jets, by 
which means, each throwiijg out its fire, there will be pro- 
duced the appearance of a radiating sun. We here sup- 
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pose tliat the wheel is placed in a position perpendicular 
to the horizon. 

These rockets or jets may be so arranged as to cross 
each other ill an angular manner ; in which case, instead 
of a sun, you will have a star, or a sort of cross resembling 
that of Malta. Some of these suns are made also with se- 
Teral rows of jets ; these are called glories. 

Revolving suns may be constructed in this manner. 
Provide a wooden wheel, of any size at pleasure, and 
brought into perfect equilibrium around its centre, in or- 
der that the least eâbrt may make it turn round. Attach 
to the circumference of it fire-jets placed in the direction 
of the circumference ; they must not be choaked at the 
bottom, and ought to be arranged in such a manner, that 
the mouth of the one shail be near the bottom of the other, 
Eo that when the lire of the one is ended, it may immedi- 
ately proceed to another, [t may be easily perceived, 
that when fire is applied to one of these jets, the recoil of 
the rocket will make the wheel turn round, unless it be too . 
large and ponderous: for this reason, when these snnsare 
of a considerable size, that is when they consist for exam- 
ple of 20 rockets, fire must be communicated at the same 
time to the first, the sixth, the eleventh; and the sixteenth; 
from which it will proceed to the second, the seventh, the 
twelfth, the seventeenth, and so on. These four rockets 
will make the wlieel turn round with rapidity. 

If two similar suns be placed one behind the other, and 
made to turn in a contrary direction, they will produce a 
very pretty effect of cross-fire. 

Three or four suns, with horizontal axes passing through 
them, might be implanted in a vertical axis, moveable in 
the middle of a table. These suns, revolving around the 
table, will seem to pursue each other. It may be easily 
perceived that, to make them turn around the table, they 
must be fixed on their axes, and these axes, at the plac« 
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where they rest on the table^ ought to be fiimisheâ with a 
▼ery moyeable roller. 

We shall say nothing farther on artificial fire-works; 
because it is not possible in this work to give a complete 
treatise of pyrotechny. We shall therefore content our^ 
selves with pointing out, to those who are fond of this art, 
a few of the best authors on the subject. One is. Traité 
des Feux d^artifice de M. Frezier, a new edition of winch 
was published in 1745* We shall mention also the work 
of M. Perrinet d'Orval, entitled Traité des Feux d^artifice, 
pour le Spectacle et pour la Guerre. To these we may add 
Le Manuel de l^ Artificier , Paris 1757, 12mo. which con- 
tains, in a very small compass, the whole substance of the 
art of making artificial fire-works : it is an abridgment of 
the latter work, augmented with several new and curious 
compositions, in regard to the CUnese fire, by Father 
dlncarville. 

ABTICLE xin* 

Of Ointment/or Bums. 

It is proper that we should terminate a treatise on pyro- 
techny by some remedy for burns; as accidents must often 
take place in handling such a dangerous element as fire. 
We shall therefore not hesitate to follow the example of 
Ozanam, who in this respect is himself a follower of Sie- 
mienowitcz, and the greater part of tiipse who have writ- 
ten on this subject: we shall even confine ourselves to the 
remedy he proposes. 

Boil fresh hog's lard in common water, over a slow fire; 
skim it continually till no more scum is left, and let the 
melted lard remain in the open air for three or four nights 
Melt it again in an earthen vessel, over a slow and mode- 
rate fire, and strain it into cold water through a piece oi 
linen cloth ; then wash it well in pure river or spring 
water, to free it from its salt, and to make it become white; 
then press it into a glazed earthen vessel and preserve it 
for use. 
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It generally happens, in cases of burning, that the skin 
rises, in. blisters, which however must not be opened till the 
third or fourth day after the ointment has been applied. 

ARTICLE XIY. 

Pj/Tottchny wiihaut Fire, and merely Optical. 

As the inventions which we have here described are ne- 
cessarily attended with considerable expense, and are bed- 
sides dangerous, attempts have been made in modern times, 
and with a considerable degree of success, to imitate the 
different kinds of fire-works by optical eflfects, and to give 
them the appearance of motion, though in reality fixed. 
By means of this invention, the spectacle of artificial fire- 
works may be exhibited at a very small expence ; and if 
the pieces employed are constructed with ingenuity, if the 
rules of perspective are properly observed, and if, in view- 
ing the spectacle, glasses which magnify the objects and 
render them somewhat less distinct be employed, a very 
agreeable illusion will be produced. 

The artificial fire^works imitated with most success by 
this invention, are fixed suns, gerbes and jets of fire, cas- 
cades, globes, pyramids, and columns moveable around 
their axes. To represent a gerbe of fire, take paper black- 
ened on both sides, and very opake, and having delineated 
on a piece of white paper the figure of a gerbe of fire, 
apply it to the black paper, and with the point of a very 
sharp penknife make several slashes (pi. 2, 6g. 1 4) in it, 
as 3^ 5, or 7, proceeding from the origin of the gerbe.: 
these lines must not be continued but cut through at un- . 
equal intervals. Pierce these intervals with unequal holes 
made with a pinking iron, pi. 2 fig. 14, in order to repre- 
sent the sparks ai such a gerbe. In short you must endea* 
vour to paint, by these lines and holes, the well-known ef- 
fect of the fire of inflamed gunpowder, when it issues 
through a small aperture. 

According to the same principles, you may .delineate the 
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cascades (fig. 1 J) and jets of fire which yoa are desifou» 
of introducing into this exhibition, which is purely optical ; 
and those jets of fire which proceed from the radii of sans, 
either fixed or moveable. It may easily be conceived that 
in this operation taste must be the guide. 

If you are desirous of representing globes, pyramids, or 
revolving columns, draw the outlines of tbem on paper, 
and then cut them out in a helical form ; that is, cut out 
spirals with the point of a pen-knife, and of a size proper* 
tioned to that of the piece. 

It is to be observed also, that as these different pieces 
have different colours, they may be easily imitated, by 
pasting on the back of the paper, cut as here described, 
Tery fine silk paper coloured in the proper manner. As 
jets, for example, when loaded with Chinese fire, give a 
reddish light, you must paste to the back of thescf jets 
transparent paper, slightly tinged with red \ and proceed 
in the same manner in regard to the other colours by which 
the different fire-works are distinguished. 

When these preparations have been made, the next 
thing is to give motion, or the appearance of motion, to 
this fire, which may be done two ways according to cir- 
cumstances. 

If a jet of fire, for example, is to be represented, p'ick 
unequal holes, and at unequal distances from each otîier, 
in a band of paper, pi. 2 fig. 17, and then move this band, 
making it ascend between a light and the above jet : the 
rays of light which escape through the holes of the move* 
able paper will exhibit the appearance of sparks rising into 
the air. It is to be observed that one part of the paper 
must be whole, that another must be pierced with boles 
thinly scattered ; that in another place they must be very 
close, and then moderately so : by these means it will re* 
present those sudden jets of fire observed in fire-works. 

To represent a cascade, the paper pierced with holes, 
instead of moving upwards, must be made to descend. 

This motion may be easily produced by means of two 
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rollers^ on one of which the paper is rolled up while it b 
unrolled iroartbe other. 

Sun& are attended with some more difficulty; because 
in these it is necessary to represent fire proceeding from 
the centre to the circumference. The artifice for this pur- 
pose is as follows. 

On strong paper describe a circle, equal in diameter to 
the sun which you are desirous to exhibit, or even some- 
what larger ; then trace out on this circle two spirals, at 
the distance of a line or half a hne from each other, and 
open the interval between them with a penknife,. in such 
a manner, that the paper may be jcut from the circum* 
ference, decreasing in breadth to a certain distance from 
the centre, pi. 2 fig. 18 ; cut the remainder of the circle 
into spirals of the same kind, open and close alternately^ 
then cement the paper circle to a small iron hoop, sup- 
ported by two pieces of iron, crossing each other in its 
centre, and adjust the whole to a small machine, whidi will 
suffer it to revolve round its centre. If this moveable pa- 
per circle, cut in this manner, be placed before the repre- 
sentation of your sun, with a light behind it, as soon as it 
is made to move towards that side to which the convexity 
of the spirals is turned, the luminous spirals, or those which 
affoTd a passage to the light, will give, on the image of 
the radii or jets of fire of your sun, the appearance of fire 
in continual motion, as if undulating from the centre to 
the circumference. 

The appearance of motion may be given to columns, 
pyramids, and globes, cut through in the manner above 
described, by moving upwards, in a vertical direction, a 
band of paper cut through into apertures inclined at an 
angle somewhat different from that of the spirals. By 
these means the spectators will imagine that they see fire 
continually circulating and ascending along these spirals ; 
and the result will be a sort of illusion, in consequence of 
which the columns or pyramids will seem to revolve with 
them. 
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But we shall not enlarge farther on this Subject ; it is 
suflScient to have explained the principle on which this 
cheap kind of pyrotecbny can be exhibited ; the taste of 
the artist may suggest to him many things to give more 
reality to this representation, and to render the deception 
stronger. 

We shall howeyer add a few words respecting illumina- 
tions which form a part of pyrotechny. 

Take some prints representing a castle, or palace, &c ; 
and haying coloured them properly, cement paper to the 
back of them, in such a manner that they shall be only 
semi-transparent; then, with pinking irons of difierent 
sizes, prick small holes in the places and on the lines where 
lamps are generally placed, as along the sides of the win* 
dows, on the cornices, or balustrades, &c. But care must 
be taken to make these holes smaller and closer, according 
to the perspective diminution of the figure. With other 
irons of a larger âze, cut out, in other places, some stronger 
lights ; so as to represent fire-pots, &c. Cut out also the 
panes in some of the windows, and cement to the back of 
them transparent paper of a green or red colour, to repre- 
sent curtains ^rawn before them, and concealing an illu- 
minated apartment* 

When the print is cut in this manner, place it in Ithe 
front of a sort of small theatre, strongly illuminated from 
the back part, and look at it through a convex glass of a 
pretty long focus, like that used in those small machines 
called optical boxes. If the rules of perspective have been 
properly observed in the prints, and if the lights and 
shades have been distributed with taste, this spectacle will 
be highly agreeable. It may be intermixed with some of 
the pyrotechnic artifices above described $ as such illumi- 
nations are in general accompanied with firé-works« 
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